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DESCRIPTION 

ORGANIC SILANE COMPOUND, PROCESS FOR PRODUCING THE SAME 

AND USE OF THE SAME 



5 TECHNICAL FIELD 

The present invention relates to an organic silane compound, a 
process for producing the same, and use of the same. More particularly, 
the present invention relates to a novel organic silane compound which is 
useful as an electric material and has electrical conductivity or electrical 
10 semiconductivity, a process for producing the same, and use of the same. 

BACKGROUND ART 

Recently, a semiconductor of an organic compound (organic 
semiconductor) is paid an attention, because in comparison with a 

15 semiconductor of aia inorganic material, it is simple on production, is 

easy on processing, can lead scale up of a device, can expect to cost down 
by mass production and can synthesized as having a variety of functions. 
For this reason, an or*ganic semiconductor material, as well as an 
electronic device (e.g. organic thin film transistor (organic TFT), an 

20 organic electi^oluminescence device (organic EL device)) using the same 
are being researched and developed. Previously, since a semiconductor 
layer of an electronic device has been formed mainly by a deposition 
mediod, material development has focused mainly on a compound 
having a skeleton of a tc electron conjugation system, and its 

25 representative example is pentacene. On the other hand, a 
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semiconductor layei' formed by the deposition method has problems tliat 
its process is troublesome, or a film strength is small. Therefor, 
development of an organic material which can form a thin film having 
strong interaction with a substrate is sought. 
5 As a method of forming such the organic thin film, in recent years, 

a inethod utilizing self organization has been paid an attention and, 
accompanying therewith, a matei-ial having the self organizing ability has 
been also developed. Inter alia, a silicon-based compound film is paid 
an attention in that it has high durability and, as representative 

10 development thereof, a silane coupling agent having an allcyl group or a 
fluorinated allcyl group having high water- repellency effect as a 
functional group, or a compound having one thiophene ring as a 
functional gi^oup at an end of a molecule, in which the thiophene ring is 
bound to a silicon atom via a linear hydi-ocarbbn group has been 

l5 proposed (e.g. patent document 1). 

[Patent document 1] Japanese Patent No. 2889768) 

DISCLOSURE OF INVENTION . 

PROBLEMS THAT THE INVENTION IS TO SOLVE 
20 However, the afoi-ementioned organic compound could not afford 

an organic thin film having sufficient ordering property and electrical 

conducting property. 

Specifically, when an electronic device is organic TFT, there is the 

following problem. That is, the organic compound is chemically 
25 ' adsorbed on a substi^ate by forming a two-dimensional network of Si-O-Si, 
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and has a possibility that ordering property due to intermolecular 
. interaction between particular long chain allcyls is obtained. However, 
expansion of n electron conjugation system essential for electrical 
conductivity is very small, because a n electron conjugation system 
5 molecule contributing to impi*ovement in electrical conductivity is one 
thiophene ring. Therefore, there is a problem that even when the 
organic compound is used as a semiconductor layer in an organic thin 
film transistor, sufficient carrier mobility is not obtained. 

In addition, in the case of organic EL, there is the following 

10 problem. That is, mobility of a hole or an electron is small, because a n 
electi'on conjugation system molecule conti-ibuting to improvement in an 
efficiency of injecting a hole or an electron is one thiophene ring. Then, 
there is a problem that, even when the organic compound is used ad an 
organic layer in an organic EL device, it is difficult to generate light 

15 emission at a sufficiently low driving voltage. 

In order to attain the aforementioned object, the present inventors 
intensively studied and, as a result, found out that, for prepaiing a thin 
film which can be applied to an electron device such as organic TFT and 
an organic EL device, a firm chemical binding with a substrate is possible 

20 by formation of a two-dimensional network of Si-O-Si and, at the same 
time, ordering property (crystallizability) of the thin film can be controlled 
by interaction, that is, an intermolecular force of an organic group {n 
electron conjugation system molecule) derived from a fused polycyclic 
hydrocarbon compound formed on a two-dimensional network of Si-O-Si, 

25 resulting in finding of a novel organic silane compound containing an 
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organic group. 

Thus, according to the present invention, there is provided an 
organic silane compound represented by the general formula (a); 
(T)k-SiXiX2X3 (a) 
5 w^herein T is an organic group derived from a fused polycyclic 

hydrocarbon compound of a fusion number of 2 to 10 composed of a 
5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 
integer of 1 to 10; at least one gi^oup of to X^ is a group v^hich gives a 
hydroxy group by hydrolysis, or a halogen group, and other groups of X^ 
10 to X3 are a group w^hich does not react widi an adjacent molecule. 

Also, according to the present invention, there is provided a 
process for producing an organic silaiie compound, comprising 
subjecting to the Grignard reaction of a compound represented by the 
general formula (b); 
15 (T)k-MgLi (b) 

wherein T is an organic group derived from a fused polycyclic 
hydrocarbon compound of a fusion number of 2 to 10 composed of a 
5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 
integer of 1 to 10; Li is a halogen atom, with a compound represented by 
20 the general formula (c); 

L2-SiXiX2X3 (c) 

wherein is a hydrogen atom, a halogen atom or an alkoxy group of a 
carbon number of 1 to 4; at least one gi^oup of X^ to X^ is a group which 
gives a hydroxy group by hydrolysis or a halogen atom, and other groups 
25 of X^ to X3 are a group which does not react with an adjacent molecule, to 
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obtain an oi-ganic silane compound repi'esented by the genei-al foi^mula 
(a); 

(T)k-SiXiX2X3 (a) 
whei-ein T, k, to X^ are as defined above. 
5 Fux-ther, according to the present invention, there is provided a 

functional organic thin film comprising a thin film which is derived from 
an organic silane compound represented by the general formula (a); 

{T)k-SiXiX2X3 (a) 
wherein T is an organic group derived from a fused potycyclic 
10 hydrocarbon compound of a fusion number of 2 to 10 composed of 
• 5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 

integer of 1 to 10; at least one group of X^ to X^ is a group which gives a 
hydroxyl group by hydrolysis or a halogen atom, and other groups of X^ to 
X3 are a group which does not react with an adjacent molecule, and is 
15 bound to a substrate via a siloxane bond. 

Also, according to the present invention, there is provided a 
process for producing a functional organic thin film bound to a substrate 
via a siloxane bond, comprising subjecting an organic silane compound 
represented by the general formula (a); 
20 (T)k-SiXiX2X3 (a) 

wherein T is an organic group derived from a fused polycyclic 
hydrocarbon compound of a fusion number of 2 to 10 composed of 
5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 
integer of 1 to 10; at least one group of X^ to X^ is a group which gives a 
25 hydroxyl group by hydrolysis or a halogen atom, and other groups of X^ to 
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X3 are a group which does not react with an adjacent molecule, to a 
chemical binding method. 

Further, according to the present invention, there is provided an 
organic thin film transistor comprising a substrate, a functional organic 
5 thin film which is derived from an oi-ganic silane compound represented 
by the general foi'mula (a); 

(T)k-SiXiX2X3 (a) 
wherein T is an organic group derived fi-om a fused polycyclic 
hydrocarbon compound of a fusion number of 2 to 10 composed of 
10 5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 

integer of 1 to 10; at least one group of X^ to X^ is a group which gives a 
hydrox}^ group by hydrolysis or a halogen atom, and other groups of X^ to 
X3 are a groulD which does not react with an. adjacent molecule, and is 
bound to the substrate via a siloxane bond, a gate electrode formed on 
15 one surface of the functional organic thin film via a gate insulating film, 
and a source electrode /a drain electrode which are formed on both sides 
of the gate electrode, contacting with one surface or other surface of the 
functional organic tliin film. 

Also, according to the present invention, there is provided a 
20 process for producing an organic thin film transistor, comprising the 

steps of (A) forming a functional organic thin film which is derived from 
an organic silane compound represented by the general formula (a); 

(T)k-SiXiX2X3 (a) 
wherein T is an organic group derived from a fused polycyclic 
25 hydii-ocarbon compound of a fusion number of 2 to 10 composed of 



5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 
integer of 1 to 10; at least oiie gi^oup of to is a group which gives a 
hydroxyl group by hydrolysis or a halogen atom, and other groups of X^ to 
X3 are a group which does not react with an adjacent molecule, and is 
5 bound to a substrate via a siloxane bond, directly or indirectly on the 
substrate, (B) forming a gate electrode indirectly or directly on the 
substrate, (C) foi^ming a source electrode* a drain electrode on one surface* 
side or other surface side of the functional organic thin film, and (D) 
forming a gate insulating film between the. gate electrode and the source 

10 electrode^the drain electrode. 

Further, accoi'ding to the present invention, there is provided an 
organic electrolunainescence device comprising one or more organic thin 
films between an anode and a cathode, wherein at least one organic thin 
film is a functional organic thin film which is derived from an organic 

15 silane compound represented by the general formula (a); 
(T)k-SiXiX2X3 (a) 
wherein T is an oi'ganic group derived from a fused polycyclic 
hydrocarbon compound of a fusion number of 2 to 10 composed of 
5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 

20 integer of 1 to 10; at least one group of X^ to X^ is a group which gives a 
hydroxyl group by hydrolysis or a halogen atom, and other groups of X^ to 
X3 are a group which does not react with an adjacent molecule, and is 
bound to an anode, a cathode or other organic thin film via a siloxane 
bond. 
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EFFECT OF THE INVENTION 

The orgaiiic silane compound of the present invention has the self 
organizing ability derived from a silyl group. Therefor, an organic thin 
film having very high stability caii be consti-ucted by a solution method. 

5 In addition, the organic silane compound of the present invention 

can form a two-dimensional network of Si-O-Si between organic silane 
compounds. Further, the organic thin film having very high stability 
and dm-ability is obtained, because the organic silane compound can be 
chemically bound to a substrate via this network, Thei*efore, physical 

10 peeling of the resulting organic thin film can be prevented, because it is 
adsorbed on the substrate surface firm as compared with a film prepared 
by physical adsorption on a substrate,. 

When the organic silane compound has a hydrophobic functional 
group, relatively high solubility in a non-aqueous solvent is possessed. 

15 Therefore, for example, when the organic thin film is formed, a solution 
method which is a relatively simple procedure can be applied. When the 
hydrophobic group is a linear hydrocarbon group, solubility in a 
non-aqueous solvent can be increased. 

Further, since the organic silane compound of the pi-esent 

20 invention, when formed into the organic thin film, can impart high 
electrical conductivity, because it has an organic group [n electron 
conjugation system) derived from a fused polycyclic hydrocarbon 
compound. Therefore, the organic silane compound of the present 
invention is very useful not only in an organic TFT material and an 

25 organic EL device material, but also in an organic device such as a solar 
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cell, a fuel cell, a sensor and the like. 

The organic EL device of the present invention has a construction 
in v^hich at least one organic thin film constituting the device is bound to 
an anode, a cathode or other organic thin film via a chemical bond 
5 derived fi-om tlie organic silane compound. For this reason, dui-ability of 
the organic thin film comprising the organic silane compound can be 
improved. In addition, injection of a hole or an electron at an interface 
between the organic thin film of the organic silane compound, and other 
layer adjacent to the thin film can be effectively performed. In addition, 
10 mobility of a hole or an electron of the organic thin film is great, because 
the organic thin film contains tlie organic group derived from the fused 
polycyclic hydrocarbon compound. Therefore, the organic EL device of 
the present invention can cause light emission at a relatively low^ driving 
voltage. 

15 When a light emitting layer of the organic EL device of the present 

invention is derived from the organic silane compound having an acene 
skeleton, the organic EL device can be made to be a one layer-type device 
consisting of this light emitting layer, and one pair of electrodes holding 
the light emitting layer. In addition, by introducing an ^ 

"20 electronatti^acting group or the electron donating group into an organic 
silane compound having an acehe skeleton, a hole transporting layer can 
be obtained from the former, and an electron transporting layer can be 
obtained from the latter. By holding these hole transporting layer and 
electron transporting layer, and the light emitting layer by one pair of 

25 electrodes, a multilayer-type organic EL device can be obtained. With 
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the organic group derived from the fused polycyclic hydrocarbon 
compound other than the acene skeleton, the similar organic EL device 
can be obtained. 

In addition, the organic silane compound itself of the present 
' 5 invention has the electronattracting effect, because it has the organic 
group derived from the fused polycyclic hydrocarbon compound, and a 
silicon atom, and they are directly bound. For this reason, when the 
organic silane compound is used, particularly, as the electron 
transporting layer, electron ti'ansferring property is particularly excellent, 

10 and the organic EL device which is highly effective in a light emitting at a 
lower driving voltage can be realized. 

In addition, in order to impart higher light emitting property, 
electron transporting property or a transferring property to the organic 
thin film, it is preferable that the thin film is amorphous. In view of this 

15 point, it is preferable to use an organic silane compound also having a 
functional group at a position other than a long axis direction of the 
organic group derived from the fused polycyclic hydrocarbon compound 
among the organic silane compound of the present invention, in the 
organic EL device. This can reduce intermolecular interaction between 

20 adjacent molecules since a distance between adjacent molecules 
becomes great due to steric hindrance of the functional group. 

Further, such the organic thin film excellent in hole or electron 
transporting property can be widely applied not only to the organic EL 
device but also to a device such as a solar cell and a sensor. 

25 The present invention can provide an organic thin film transistor 
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having a semiconductor layer derived from the organic silane compound. 
The oz'ganic thin fihii transistor of the present invention has iiigh charge 
mobility, because it has the semiconductor layer derived from the organic 
silane compound. In addition, a leak current of the ti^ansistor can be 
5 suppressed small, because organic groups derived from adjacent fused 
polycyclic hydrocarbon compounds ai'e not directly bound,. 

In addition, in order to impart higher electiical conductivity to the 
semiconductor layer, it is preferable that the semiconductor layer has 
crystallizability. In the present invention, by using the organic silane 

10 compound having the functional group in a direction along a long axis of 
the organic group derived from the fused polycyclic hydrocarbon 
compound, crystallizability of the semiconductor layer can be improved 
and, as a result, higher electi'ical conductivity can be imparted to the 
semiconductor layer. In addition, hopping conduction in a direction 

15 vertical to a molecular plane of the organic group derived from the fused 
polycyclic hydrocarbon compound constituting the organic group is also 
improved, and a carrier in this direction can be moved directly. 

Such the semiconductor layer improved in csystallizability can be 
widely applied to not only the organic TFT, but also a device such as a 

20 solar cell, a fuel cell, a sensor and the like. 

BRIEF DESCRIFllON OF DRAWINGS 

Fig. 1 is an outline construction view showing one example of the 
organic EL device of the present invention. 
25 Fig. 2 is a conceptional view at a molecular level of an organic 
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silane compound-containing layer used in the organic EL device of the 
present invention. 

Fig. 3 is a conceptional view at a molecular level of an organic 
silane compound-containing layer used in the organic EL device of the 
present invention. 

Fig. 4 is an outline view at a molecular level of a thin film using the 
organic silane compound of the present invention. 

Fig. 5 is an outline view at a molecular level of a thin film using 
another organic silane compound of the present invention. 

Fig. 6 is a conceptional view at a molecular level when Fig. 5 is 
seen from another viewpoint. 

Fig. 7 is an outline view at a molecular level of organic TFl' using 
the organic silane compound of the present invention. 

Fig. 8 is a property view of organic TFT in Example 15-3. 

Fig. 9 is a property view of organic TFT in Example 15-4. 

Fig. 10 is property view of organic TFT in Example 15-5. 

Fig. 1 1 is property view of organic TFT in Example 15-6. 
EXPLANATION OF REFERENCE 

Iranode, 2: hole transporting layer,3: light emitting layer,4: 
electron transporting layer,5: cathode, 6:2 1:24: substrate, 10:20: oi-ganic 
thin film,l 1:14: layer on which the layer is to be formed, 12: 15:23:31: 
organic group, 13: 16: Ixmctional group, 22:30: network, 25; gate 
electrode,26:gete insuletaing film,27: , source electrode, 28: dr-ain 
electrode, 29: organic semiconductor layer,32: linear hydrocarbon group, 
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BEST MODE FOR CARRYING OUT THE INVENTION 
(Organic silane compound) 

An organic silane compound of the present invention is 
repi-esented by the general formula (a); 
5 {T)k-SiXiX2X3 (a) 

whei-ein T is an organic group derived from a fused polycyclic 
hydrocarbon compound of a fusion number of 2 to 10 composed of a 
5-membered and/ or 6-membered monocyclic hydrocarbon; k is an 
integer of 1 to 10; at least one group of to X^ is a group which gives a 
10 hydroxy group by hydrolj^sis, or a halogen atom, and other groups of X^ to 
. X3 are a group which does not react with an adjacent molecule. 

In the formula (a), T is the organic group of a ti electron 
conjugation system derived from the fused polycyclic hydrocarbon 
compound composed of the 5-membered and/ or 6-membered monocyclic 
15 hydrocai^bon, that is, a residue obtained by removing 1 or 2 or moi-e 

hydrogen atoms from any ring constituting atom of the fused polycyclic 
hydrocarbon compound. The ti electron conjugation means that a n 
electron governing a n bond is non-localized based on a a bond and a n 
bond possessed by a. compound. 
20 Examples of such the 5-membered and 6-membered monocyclic 

hydrocarbons constituting the fused polycyclic hydrocarbon compound 
include the following rings. 

o o 

O O O 
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A total number of fused rings (monocyclic hydrocai-bon) 
constituting the fused, poly cyclic hydrocarbon compound is 2 to 12, 
preferably 2 to 10 and, in view of a yield, more preferably 2 to 5. 

The fused polycyclic hydrocarbon compound is not particularly 
5 limited as far as it forms a n electron conjugation system molecule and, 
from a viewjDoint of electrical conductivity, a compound liaving symmetry, 
particularly, linear symmeti-y is preferable. As an example of such the 
preferable compound, for example, there are compounds having a 
straight line fused ring system acene skeleton, a wing-like fused ring 
10 system aphene skeleton, a fused ring system alene skeleton in which two 
same rings are aligned, a fused ring system phenylene skeleton in which 
benzene rings are concentrated around a center of one ring, and a 
fluorene skeleton in which 6-membered rings are fused on both sides of a 
5-membered ring. 

15 Preferable examples of the acene skeleton include naphthalene, 

anthracene, tetracene (naphthacene), pentacene, hexacene, heptacene, 
octacene and the like. Prefei^able examples of the aphene skeleton 
include phenanthrene, chiysene, teteraphene, pentaphene, hexaphene, 
heptaphene, octaphene and the like. Preferable examples of the 

20 phenylene skeleton include phenalene, perylene, fluoranthene, coi^onene, 
ovalene and the like. Preferable examples of the fluorene skeleton 
include fluorene, dibenzofuran, dibenzothiophene, carbazole and the 
like. 

Among the aforementioned skeletons, in view of cannier mobility, 
25 particularly, the acene skeleton or the phenylene skeleton in which 
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benzene rings are linearly bound is preferable. Examples of the acene 
skeleton include naphthalene, anthracene, tetracene (naphthacene), 
pentacene, hexacene, heptacene, octacene and the like. In addition, 
examiDles of the phenylene skeleton include phenalene, perylene, 
coronene, ovalene and the like. 

Examples of the fused polycyclic hydrocarbon compound which 
can derive an oi-ganic group T include compounds represented by the 
following gener;al formula (I) to (IX). That is, the organic group T may be 
an organic groiip derived from the fused polycyclic hydrocarbon 
compound which is each independently selected from the group 
consisting of such the compounds. 




(I 



0- 



n2 



(H) 



113 




(III 




( rv ) 




(V) 



(VI) 



( VII 



( vni ) 



In the formula (1), is an integer of 0 to 10, preferably 0 to 8, 
more preferably 0 to 4. 

In the foi-mula {II), n^ and n^ are integers of 0 or more, respectively, 
a suiTi of which is 1 to 9, preferably 2 to 6. And, and n^ represent the 
5 number of fused benzene rings which extend in a left lower direction and 
a right lower direction in the above general formula, respectively. 

In the formula (III), n^ and n^ are integers of 1 or more, 
respectively, a sum of which is 2 to 9, preferably 2 to 6. And, n^ aiid n^ 
represent the number of fused benzene rings which extend in a left lower 
10 direction and a right lower direction in the above general formula, 
resiDectively. 

In the formula (IV), n^ is an integer of 0 to 7, preferably 2 to 6. 
And, n^ represents the number of fused benzene rings which extend in a 
right direction in the above general formula. 
15 In the formula (X), it is preferable that Y is an atom selected from 

carbon, nitrogen, oxygen and sulfur atoms, or an organic residue 
containing any of these atoms. 

Examples of the fused polycyclic hydrocarbon compound 
represented by the general formula (I) include the following compounds. 
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{ 11-1(5 ) 
(11-17) 

(11-18) 
(11-19) 

( 11-20 ) 
( 11-21 ) 
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Examples of the fused polycyclic hydrocarbon compound 
represented by the general formula (III) include the following compounds. 
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(III-13) 



(III-14) 



(III- 15 ) 



•( III-16 ) 



(111-17 ) 



(III-18 ) 



(III- 19 ) 



( III-20 ) 



Examples of the fused polycyclic hydrocarbon compound 
represented by the general formula (IV) include the following compounds. 
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In the formula (a), k, when it is 2 or more, represents the number 
of organic groups T which are bound with a single bond. And, k is not 
particularly limited as far as it is an integer of 1 or more and, in view of a 
5 yield, k is an integer of 1 to 10, particularly preferably 1 to 5. 

When k is 2 or more, positions of two hydrogen atoms which are 
removed for deriving the fused polycyclic hydrocai'bon compound into a 
divalent organic group T, that is, positions of binding with other groups in 
the organic group T are not particularly limited, but when a compound 
10 molecule is generally linear, they are preferably both ends of the molecule. 
In addition, for example, when the compound molecule has linear 
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symmetry, positions of binding such that a line binding two binding 
positions jDasses through an intermediate point of a central line as a 
standard of linear symmetry are pi^eferable. In addition, for example, 
when the compound molecule has point symmetry, positions of binding 
5 such that a line binding two binding positions passes through a central 
point as a standard of point symmetry are preferable. 

All organic groups T may be. the same, or a part or all of them may 
be different. 

In the present invention, it is preferable that the organic group T is 
10 a group derived from compounds represented by the general formulas (I) 
to(V). 

In the formula (a), at least one group of to possessed by the 
silyl group is the group which Ogives the hydroxy group by hydrolysis, or 
the halogen atom, and other groups are the group which does not react 

15 with the adjacent molecule. Firm bond (chemical bond) between the 
compound and a layer in which a layer containing the compound is 
formed is obtained, and durability of the resulting layer can be improved, 
because the silyl group has one or more of the group which gives the 
hydroxy group by hydrolysis or the halogen atom like this. 

20 Examples of the group which gives the hydroxy group by 

hydrolysis include an alkoxy group of a carbon number of 1 to 4, 
pi'eferably 1 to 3, particularly 1 to 2, and a linear alicoxy group is 
preferable. Examples include a methoxy group, an ethoxy group, a 
n-pi^opoxy group, a 2-propoxy group, a n-butoxy group, a sec-butoxy 

25 group, a tert-butoxy group and the like, A part of hydrogens of the 



alkoxy group may be further substituted with another substituent, for 
example, a trialkylsilyl group (a carbon number of an alkyl group is 1 to 4), 
an alkoxy group (carbon number of 1 to 4) or the like. 

Examples of the halogen atom include a fluorine atom, a chloi-ine 
5 atom, an iodine atom, a bromine atom and the like and, in view of 
reactivity, a chlorine atom is preferable. 

When the silyl group has 2 or more groups which give the hydroxy 
group by hydrolysis, a part or all of those groups may be the same or 
different. 

10 Examples of the group being not reactive with die adjacent 

molecule, which may be possessed by the silyl group include a 
substituted or unsubstituted alkyl group, a cycloallc^l group, an aryl 
group, a diaiylamino group, a di-or triarylalkyl group and the like. 
Preferable is a substituted or unsubstituted allcyl group. From a 

15 viewpoint of reduction in intermolecular interaction, as the group which 
does not react with the adjacent molecule, when it is used in the organic 
EL device, a group having a relatively great molecular volume in such a 
range that a layer containing the group which gives the hydroxy group by 
hydi-olysis and an organic silane compound does not inhibit binding with 

20 a layer to be formed on a surface is preferable, and a group which extends 
radially is moi^e preferable. This is because when intermolecular 
interaction between adjacent molecules is reduced, when formulated into 
the organic thin film, the thin film becomes amorphous, and a light 
emitting efficiency of the organic EL device is further improved. 

25 The alkyl group of a carbon number of 1 to 10 is preferable. 



particularly, 1 to 4 is preferable, and a branched allcyl group is more 
prefei'able. Examples include a methyl group, an ethyl group, a n-propyl 
group and a sec-propyl group, a n-buLyl group, a sec-butyl group, a 
tert-butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl 
5 group, a nonyl group, a decyl group and the like. Examples of the allcyl 
group of a carbon number of 1 to 4 include a methyl group, an ethyl 
group, a n-propyl group and a sec-px-opyl gr^oup, a n-butyl group, a 
sec-butyl gr*oup, and a tert-butyl group. 

The cycloallcyl group of a carbon number of 4 to 8 is preferable, 

10 particularly 5 to 7 is preferable, and examples include a cyclopentyl 
group, a cyclohexyl group, and a cycloheptyl group. 

It is preferable that the aryl group is a group composed of 1 to 3 
aromatic groups of a carbon number of 5 to 18, particularly a carbon 
number of 6. As a hetero atom, a sulfur atom may be contained. In 

15 addition, the aryl group may have at least one allcyl group of a carbon 
number of 1 to 4 at any of an o-position, a m-position and a p-position. 
Examples of the allcyl group of a carbon number of 1 to 4 include a methyl 
group, an ethyl group, a propyl group, a sec-propyl group, a butyl group, 
a sec-butyl group, and a tert-butyl group. Examples of the aryl group 

20 include a phenyl group, a biphenylyl group, a naphthyl group, a 

tei-phenylyl group, a p-(tert-butyl)phenyl group, a m-diethylphenyl group, 
a p-propylbiphenylyl group and the like. Terphenylyl is a residue 
obtained by removing one hydrogen atom from terphenyl. 

The diarylamino group is an amino group in which two hydrogen 

25 atoms are substituted w^ith an aryl group, and an aryl group to be 
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contained is the same as that describe above. Examples of the 
diarylamino group include a N,N-diphenylamino group, a 
N,N-di(biphenylyl)amino group, a N,N-di(terphenylyl)amino group, a 
N-phenyl N-biphenylylamino group, a N-phenyl N-terphenylylamino 
5 group, a N-biphenylyl N-tertphenylylamino group, a 

N,N-binaphthylamino group, a N-phenyl N-naphthylamino group, a 
N-biphenylyl N-naphthylamino group, a N-terphenylyl N-naphthylamino 
group, a N-methylphenyl-N-biphenylylamino group, a 
N-methylphenyl-N-naphthylamino group, a 

10 N-methylphenyl-N-phenylamino group, a N,N-di{me thy Iphenyl) amino 
group and the like. 

The di- or triaiylalkyl group is preferably a linear allcyl group of a 
carbon number of 1 to 4 in which 2 or 3 hydrogen atoms are substituted 
with an aryl gi^oup, and an aryl group to be contained is the same as that 

15 described above. Examples of the linear allcyl group of a carbon number 
of 1 to 4 include a methyl group, an ethyl gi'oup, a n-propyl gi'oup, and a 
n-butyl group, any part of these groups may have an aryl group and, in 
view of the steric effect, it is preferable that the aryl group is possessed at 
an end. Examples of the diaiylallcyl group include a.diphenylmethyl 

20 group, a di(biphenylyl)methyl group, a di(terphenylyl) methyl group, a 
phenylbiphenylylntethyl group, a phenyltei-phenylylmethyl group, a 
biphenylylterpheni'-lyimethyl group, a dinaphthylmethyl group, a 
phenylnaphthylmethyl group, a biphenylylnaphthylmethyl group, a 
terphenylylnaphthyh-nethyl group, a methylphenyl-biphenylylmethyl 

25 group, a methylphenyl-naphthylmethyl group, a 



methylphenyl-phenylmethyl group, a di(mel:hylpheiiyl)methyl group, a 
diphenyle.thyl group, a di(biphenylyl) ethyl group, a di(terphenylyl) ethyl 
group, a phenylbiphenylylethyl group, a phenylterphenylyletliyl group, a 
biphenylylterpheiiylylethyl group, a dinaphthylethyl group, a 
5 phenylnaphthylethyl group, a biphenylylnaphthylethyl group, a 

terphenylylnaphthylethyl group, a methylphenyl-biphenylylethyl group, 
a methylphenyl-naphthylethyl group, a methylphenyl-phenylethyl group, 
a di(me thy Iphenyl) ethyl group, a diphenylpropyl group, a 
di(biphenylyl) propyl group, a di(terphenylyl)propyl group, a 

10 phenylbiphenylylpropyl group, a phenylterphenylylpropyl group, a 
biphenylylterphenylylpropyl group, a dinaphthylpropyl group, a 
phenyliiaphthylpropyl group, a biphenylylnaphthylpropyl group, a 
terphenylylnaphthylpropyl group, a methylphenyl-biphenylylpropyl 
group, a methylphenyl-naphthylpropyl group, a 

15 methylphenyl-phenylpropyl group, a di(methylphenyl)propyl group, a 
diphenylbutyl group, a di(biphenylyl)butyl group, a di(terphenylyl)butyl 
group, a pheiiylbiphenylylbutyl group, a phenylterphenylidbutyl group, a 
biphenylyiterphenylylbutyl group, a dmaphthylbutyl group, a 
phenylnaphthylbutyl group, a biphenylylnaphthylbutyl group, a 

20 terphenylylnaphthylbutyl group, a methylphenyl-biphenylylbutyl group, 
a methylphenyl-naphthylbutyl group, a methylphenyl-phenylbutyl group, 
a di(methylpheiiyl) butyl group and the like. 

Examples of the triarylalkyl group include a trimethylmethyl 
group, a triphenylmethyl group, a tri(biphenylyl) methyl group, a 

25 tri(terphenylyl)methyl group, a phenyl-di(biphenylyl)methyl group, a 
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di(phenyl)terphenylylmethyl group, a phenyldi(terplienylyl)methyl group, 
a trinaphtliylmethyl group, a phenyldi(naph thy 1) methyl group, a 
di(phenyl)naphthylinethyl group, a di(terphenylyl)naphthylmethyl group, 

a methylphenyl-di(phenyl)methyl group, a 
5 methylpheiiyl-di(naphthyl) methyl group, a 

methylphen3d-di(biphenylyl)metliyl group, a tri(methylphenyl)methyl 
group, a ti-iphenylethyl group, a tri{biphenylyl) ethyl group, a 
tri(terphenylyl) ethyl group, a pheiiyl-di(biphenylyl) ethyl group, a 
di(phenyl)terphenylylethyl group, a pheiiyldi(terphenylyl)ethyl group, a 

10 . trinaphthyletliyl group, a phenyldi(naphthyl) ethyl group, a 

di(phenyl)naphthylethyl group, a di(terphenylyl)naphthylethyl group, a 
me thy Iphenyl-di(phenyl) ethyl group, a methylphenyl-di(naphthyl)ediyl 
group, a methylphenyl-di(biphenylyl)ethyl group, a 
tri(methylphenyl) ethyl group and the like. 

15 When the silyl group has two aforementioned groups which do not 

react with the adjacent molecule, those groups may be the same or 
different. 

Examples of the compound in which k is 2 or more are as follows. 
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Si— OCH, 
I 

X /> OCH3 



(B) 



The organic silane compound of the present invention may have a 
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functional group. The organic group may be made to have action of 
improving solubility in an organic solvent; action of reducing 
intermolecular interaction at formation of an organic thin film to form an 
amorphous film, action of attaining unstabilization at a HOMO level of a 
5 compound, or stabilization at a LUMO level, and action of improving 

intermolecular interaction at formation of the organic thin film to form a 
crystalline film. 

Thereupon, it is preferable that the functional group is a group 
which does not react with the adjacent molecule from a viewpoint of 
10 reaction control. . 

(1) From a viewpoint of action of improving solubility in the organic 
solvent, it is preferable that the functional group has hydrophobicity. 

(2) From a viewpoint of action of forming the amorphous film, it is 
preferable that the functional group has a great molecular volume of the 

15 group, and is bound to a position other than in a long axis direction of the 
n electron conjugation system molecule. 

(3) From a viewpoint of action of attaining unstabilization at the HOMO 
level of a compound or stabilization at the LUMO level, it is preferable 
that the functional group is a group having electron donating property or 

20 electi-onattracting property. 

(4) From a viewpoint of action of forming the crystalline film, the 
functional group which is bound to a position in a long axis dii^ection of 
the organic group is prefei'able. 

(2) and (3) are requirements which are desired in the functional 
25 group of the organic EL device, and (1) is requirement which is desired in 



organic TFT. 

It is most preferable that the functional group satisfies conditions 
of (1) to (3) or (1) and (4), but the functional group is not limited to a group 
having hydi^ophobicity. When die functional group has 
electronattracting property, the electronattracting gi-oup is hydrophilic in 
many cases, and this is because even the compound (electron 
ti-ansporting substance) of the present invention having such the 
electronattracting group having hydrophilicity as a functional group can 
sufficiently maintain solubility in the organic solvent. 

Viewpoint of (1) 

Examples of the fuiictional group (hydrophobic group) vvrhich is 
introduced for improving solubility in a non-aqueous solvent, or 
improving surfactant activity of a molecule include an alkyl group, an 
oxyallcyl group, a fluoroalkyl group, a fluoro group and the like. A 
plurality of them may be bound in a branch manner. Particularly, a 
linear hydrocarbon group of a carbon number of 1 to 30 is preferable. In 
addition, a carbon number is preferably in a range of 1 to 30, further 
particularly prefei^ably a carbon number of 1 to 8. In addition, in a range 
of a carbon number of 1 to 5, the group may be branched hydi^ocarbon. 
Examples of the linear hydrocarbon group include a methyl group, an 
ethyl group, a (linear or branched) propyl gi'oup, a (linear or branched) 
butyl group, a (linear or branched)pentyl group, a hexyl group, a heptyl 
group, an octyl group and the like. 

In addition, a binding position of the functional group binding 
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with the organic group in this viewpoint is not particularly limited. The 
number of the functional group for improving solubility is not particularly 
limited, but can be appropriately determined in view of solubility in the 
non-aqueous solvent. vSpecilically, one or two or more may be present, 

5 

Viewpoint of (2) and (3) 

Examples of the functional group include an alkyl group, an 
unsaturated alicyclic hydrocarbon group, a cj^^cloalkyl group, an aryl 
group, an amino group, an alkoxy group, a nitrile group, a nitro group, an 

10 ester group, and an oxyaryl group, each being substituted or 

unsubstituted. A substituted or unsubstituted allcyl group, or a 
cycloallcyl group may be further bound to these groups via an ether bond, 
an ester bond or the like. Examples of a substituent of the functional 
group include a halogen atom (fluorine atom, chlorine atom, bromine 

15 atom, iodine atom), an alkyl group, and an allcyl group. . 

Preferable examples of the functional group include an 
unsubstituted alkyl group, a halogenated alkyl group, a di- or triarylalkyl 
group, an oxyallcyl group, a cycloallcyl group, an aryl group, a 
diaiylamino group, an alkoxy group, a nitrile group, a nitro group, an 

20 ester group and the like. Among these functional groups, the organic 
silane compound having an electron donating group such as an alkyl 
group, a di- or triaiylalkyl group, an oxyalkyl group, a cycloalkyl group, 
an aryl group, an alkoxy group and the like can be effectively used, for 
example, as an electron transporting substance of the organic EL device. 

25 In addition, the organic silane compound having an electronattracting 
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group such- as a halogenated alley! group, a nitrile group, a nitro group, 
an ester group and the like can be effectively used, for example, as a hole 
transporting substance of the organic EL device. When the organic 
silane compound has 2 or more functional groups, from a viev^point 
5 electrical conductivity, it is preferable that all functional groups are 

selected from the group consisting of one of an electron donating group 
and an electronattracting group. From a viewpoint of a size of a 
molecular volume, a more preferable functional group is an alkyl group, a 
diarylamino group, or a di- or triarylalkyl group. In addition, in view of 
10 stability of the functional group, a nitrile group or a nitro group is more 
preferable. 

Examples of the unsubstituted alkyl group include a methyl group, 
an ethyl group, a n- or sec-propyl group, a n-, sec- or tert-butyl group, a 
pentyl group, a hexyl gi^oup, a heptyl group, an octyl group, a nonyl group, 
15 a decyl group, an undecyl group, a dodecyl group, a tridecyl group, a 
tetradecyl group, a pentadecyl group, a hexadecyl group, a heptadecyl 
group, an octadecyl group, a nonadecyl group, an eicosyl group, a 
heneicosyl group, a docosyl group, a tricosyl group, a tetracosyl group, a 
' pentacosyl group, a hexacosyi group, a heptacosyl group, an octacosyl 
20 gi^oup, a nonacosyl group and a triacontyl group. 

Examples of the substituted all<yl group include a halogenated 
alkyl group to which a halogen atom is bound, a diarylall^yl group to 
which two aryl groups are bound, and a triarylalkyl group to which three 
aryl groups are bound. 
25 The halogenated alkyl group of a cai-bon n^^mber of 1 to 10 is 
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preferable, particularly 1 to 4 is preferable, and examples include a 
nionochloroethyl group, a trifluoroethyl group, a trichloroethyl group and 
the like. 

Examples of the diaiylallcyl group include a diphenylmethyl group, 
5 a di(biphenylyl)methyl gi'oup, a di(terphenylyl) methyl group, a 

phenylbiphenylylmethyl group, a phenyl terphenylylmethyl group, a 
biphenylylterphenylylmethyl gi'oup, a dinaphthylmethyl group, a 
phenylnaphthylmethyl group, a biphenylylnaphthylmethyl group, a 
terphenylylnaphthylmethyl group, a methylphenyl-biphenylylmethyl 

10 gi'oup, a methylphenyl-naphthylmethyl group, a 

methylphenyl-phenylmethyl group, a di(methylphenyl) methyl group, a 
diphenylethyl group, a di(biphenylyl) ethyl gi'oup, a di{terphenylyl) ethyl 
group, a phenylbiphenylylethyl group, a phenylterphenylylethyl group, a 
biphenylylterphenylylethyl group, a dinaphthylethyl group, a 

15 phenylnaphthylethyl group, a biphenylylnaphthylethyl group, a 

terphenylylnaphtliylethyl group, a methylphenyl-biphenylylethyl group, 
a methylphenyl-naphthylethyl group, a methylphenyl-phenylethyl group, 
a di(methylphenyl) ethyl group, a diphenylpropyl group, a 
di(biphenylyl)propyl group, a di(teiphenylyl) propyl group, a 

20 phenylbiphenylylpropyl group, a phenylterphenylylpropyl group, a 
biphenylylterphenylylpropyl group, a dinaphthylpropyl group, a 
phenylnaphthylpropyl group, a biphenylylnaphthylpropyl group, a 
terphenylylnaphthypropyl group, a methylphenyl-biphenylylpropyl group, 
a methylphenyl-naphthylpropyl group, a methylphenyl-phenylpropyl 

25 gi'oup, a di(methylphenyl) propyl group, a diphenylbutyl group, a 



di(taiphenylyl) butyl group, a di(terphenylyl) butyl group, a 
phenylbiphenyiylbutyl group, a phenylterphenylylbutyl group, a 
biphenylylterphenylylbutyl group, a dinaphthylbutyl group, a 
phenylnaphthyl butyl group, a biphenylylnaphthylbutyl group, a 
5 terphenylylnaphthylbutyl group, a methylphenyl-biphenylylbutyl group, 
a methylphenyl-naphthylbutyl group, a methylphenyl-phenylbutyl group, 
a di(methylphenyl) butyl group and the like. 

Examples of the triarylalkyl group include a trimethylmethyl 
group, a triphenylmethyl group, a tri{biphenylyl)methyl group, a 

10 tri(terphenylyl)methyl group, a phenyl-di{biphenylyl) methyl group, a 

di{phenyl)terphenylylmethyl group, a phenyldi(terphenylyl) methyl group, 
a trinaphthylmethyl group, a phenyldi(naph thy 1) methyl group, a 
di(phenyl)naphtliylmethyl group, a di(terphenylyl)naphthylmethyl group, 
a methylphenyl-di(phenyl) methyl group, a 

15 methylphenyl~di(naphthyl) methyl group, a 

methylphenyl-di(biphenylyl)methyl group, a tri(me thy Iphenyl) methyl 
group, a triphenylethyl group, a tri(biphenylyl) ethyl group, a 
tri(terphenylyl) ethyl group, a phenyl-di(biphenylyl) ethyl group, a 
di(phenyl)terphenylylethyl group, a phenyldi(terphenylyl)ethyl group, a 

20 trinaphthylethyl group, a phenyldi(naphthyl) ethyl group, a 

di(phenyl)naphthylethyl group, a di(tei-phenylyl)naphthylethyl group, a 
methylphenyl-di(phenyl)ethyl group, a me thylphenyl-di{naphthyl) ethyl 
group, a methylphenyl-di(biphenylyl)ethyl group, a 
tri(methylphenyl) ethyl group and the like. 

25 Examples of the unsaturated alicyclic hydrocarbon group include 



a compound in which any carbon-carbon bond of the substituted or 
unsubstituted alkyl group is unsaturated. 

The unsaturated cycloallcyl group of a carbon number of 4 to 8 is 
preferable, particularly 5 to 7 is preferable, and examples include a 
5 cyclopentyl group, a cyclohexyl group, and a cycloheptyl group. 

Examples of the substituted cycloalkyl group include a group in which a 
halogen atom, an alkyl group, an aryl group or the like is bound to an 
arbitrary position of an unsaturated cycloalkyl group. 

It is preferable that the unsaturated aiyl group is a group 

10 composed of 1 to 3 aromatic rings of a carbon number of 5 to 18, 

particularly a carbon number of 6. As a hetero atord, a' sulfur atom may 
be contained. In addition, the substituted aryl group may have at least 
one alkyl group of a carbon number of 1 to 4 at any of an o-position, a 
m-position and a p-position. Examples of the alkyl group of a carbon 

15 number of 1 to 4 include a methyl group, an ethyl group, a propyl group, 
a sec-propyl group, a butyl group, a sec-butyl group, and a tert-butyl 
group. Examples of the aryl group include an unsaturated aiyl group 
such as a phenyl group, a biphenylyl group, a naphdiyl group, 
terphenylyl and the like, and a substituted aryl group such as a 

20 p-(tert-butyl)phen34 group, a m-diethylphenyl group, a 
p-propylbiphenylyl group. 

Examples, of the amino group include, in addition to an 
unsubstituted amino group, a substituted amino group such as a 
N,N-diphenylamino group, a N,N-di{biphenylyl)amino group, a 

25 N,N-di(terphenylyl)amino group, a N-phenyl N-biphenylylamino group, a 
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N-phenyl N-terpheiiylylamino group, a N-biphenylyl N-terphenylylamino 
group, a N,N-dinaphth3damino group, a N-phenyl N-naphthylamino 
group, a N-biphenylyl N-naphthylamino group, a N-terphenylyl 
N-naphthylamino group, a N-methylphenyl-N-biphenylylamino group, a 

5 N-methylphenyl-N-naphthylamino group, a 

r 

N-methylphenyl-N-phenylamino group, a N,N-di(methylphenyl) amino 
group and the like. 

The alkoxy group of a carbon number of 1 to 6 is prefei-able, 
particularly 3 to 4 is preferable, and the alkoxy group may be either linear 
-10 or branched, more preferably branched. Preferable examples include a 
2-propyloxy group, a sec-butyloxy group, a tert-butyloxy group and the 
like. 

The ester group is a group represented by -COOR' or -OCOR' (R' is 
an allcyl group or an aiyl group, and they are the same as the alkyl group 

15 or the aryl group as the "groiip which does not react with the adjacent 
molecule", respectively). Examples include -COOCH3, -COOCH2CH35 
-COO(CH2)2CH3, ->COOCH(CH3)2, -COO(CH2)3CH3, -COOCH(CH3)CM2CH3, 
~COOC(CH3)3, -COOPh, -COO(Ph)2, -COO(Ph)3, -OCOCH3, -OCOCH2CH3, 
-OCO(CH2)2CH3, -OCOCH(CH3)2, -OCO(CH2)3CH3, -OCOCH(CH3)CH2CH3, 

20 -OCOC(CH3)3, -OCOPh, -OCO(Ph)2, -OCO(Ph)3 (Ph is phenyl group) and 
the like. 

The oxyarjd group is a group in which a hydrogen atom of a 
hydroxy group is substituted with an aryl group, and an aryl group to be 
contained is the same as that desciibed above. Examples of the oxyaryl 
25 group include a phenyloxy group, a biphenylyloxy group, a naphthyloxy 
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group and the like. 

Examples of the fused polycyclic hydrocarbon compound 

substituted with a specific functional group include: 
alkyi, cycloalkyl, aryl or aminonaphthalene, 
alkyl, cycloalkyl, aryl or aminoanthracene, 
allcyl, cycloalkyl, aiyl or aminotetracene, 
allcyl, cycloalkyl, ar}^ or aminopentacene, 
alkyl, cycloallcyl, aryl or aminohexacene, 
allcyl, cycloalkyl, aryl or aminoheptacene, 
allcyl, cycloallcyl, aryl or aminooctacene, 
alkyl, cycloallcyl, aryl or aminoacenaphthene, 
alkyl, cycloalkyl, aryl or aminophenalene, 
allcyl, cycloallcyl, aryl or aminoperylene, 
allcyl, cycloalkyl, aryl or aminofluoranthene, 
alkyl, cycloallcyl, aryl or aminocoronene, 
alkyl, cycloallQ'^l, aryl or aminoovalene, 
alkyl, cycloalkyl, aiyl or aminofluorene, 
alkyl, cycloallcyl, aryl or aminodibenzofuran, 
allcyl, cycloalkyl, ai^l or aminodibenzothiophene, 
alkyl, cycloallcyl, aiyl or aminocarbazole, 
allcyl, cycloallcyl, aryl or aminophenanthrene, 
I alkyl, cycloalkyl, aryl or aminochrysene, 
all<yl, cycloalkyl, aryl or amino tetraphene, 
alkyl, cycloalkyl, aiyl or aminopentaphene, 
alkyl, cycloallcyl, aryl or aminohexaphene, 
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alkyl, cycloalkyl, aryl or aminoheptapheiie, 
alkyl, cycloalkyl, aryl or aminooctaphene and the like. 
In addition, it is preferable that a position of the functional group 
binding to the fused polycyclic hydrocarbon compound in this viewpoint 
5 is a position other than in a long axis direction of this compound, hi 
addition, as far as the functional group is bound to tlie position than in 
the long axis direction, the group may be bound in the long axis direction. 
The number of functional groups in this viewpoint is not particularly 
limited, but can be appropriately determined in view of a molecular 
10 volume of the functional group. Specifically, one or two or more may be 
present. 

Viewpoint of (4) 

When used in organic TFr, the functional group is preferably a 
15 substituted or unsubstituted linear alkyl group, among tlie group, an 

allcyl group of a carbon number of 1 to 30 is more preferable, and an alkyl 
group of a carbon number of 1 to 4 or 12 to 30 is further preferable. A 
hydrophobic group of a carbon number of 1 to 4 is preferable because the 
functional group itself has not crystallizability, but has little influence on 
20 reduction in orienting property of the resulting film. In addition, the 

functional group of a cai-bon number of 12 to 30 itself has intermolecular 
orienting property, and can pack the i^esulting film firm, being preferable. 

Examples of a particularly preferable functional group for organic 
TFr include a methyl group, an ethyl group, a propyl group, a butyl group, 
25 a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl 
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group, a decyl group, an undecyl group, a dodecyl group, a tridecyl group, 
a tetradecyl group, a pentadecyl group, a hexadecyl group, a heptadecyl 
group, an octadecyl group, a nonadecyl group, an eicosyl group, a 
heneicosyl group, a docosyl group, a tricosyl group, a tetracosyl group, a 
5 pentacosyl group, a hexacosyl group, a heptacosyl group, an octacosyl 
group, a nonacosyl group and a triacontyl group, and one or more 
hydrogen atoms of these hydrophobic groups may be substituted with a 
halogen atom. 

hi addition, it is preferable that a position of the functional group 
10 binding, to the fused jDolycyclic hydrocarbon compound in this viewpoint 
is a position in the long axis direction of tliis compound. In addition, it 
is preferable that the functional group is not bound to a position other 
dian a position in the long axis direction. The number of functional 
groups in this viewpoint is not particularly limited, but can be 
15 appropriately determined in view of orienting property of the functional 
group. Specifically, one or two or more may be present. 

(Process of production) 

The organic compound (a) of the present invention can be 
20 produced by Subjecting to the Grignai^d reaction of a compound 
represented by the general formula (b); 
(T)ic-MgLi (b) 

wherein T and k are as defined in the general formula (a); is a halogen 
atom, with a compound represented by the general formula (c); 
25 L2-SiXiX2X3 (c) 



wherein L2 is a hydrogen atom, a halogen atom or an alkoxy group of a 
carbon number of 1 to 4; to are as defined in the general formula (a), 
respectively. 

A reaction temperature is, for exainple, preferably -100 to 150°C, 
5 more preferably -20 to lOO'^C. A reaction time is, for example, around 
0.1 to 48 hours. The reaction is usually performed in an organic solvent 
having no influence on die reaction. Examples of the organic solvent 
having no adverse influence on the reaction include aliphatic or aromatic 
hydrocarbons such as hexane, pentane, benzene, toluene and the like, 
10 ether solvents such as diethyl ether, dipropyl ether, dioxane, 

tetrahydrofuran (THF) and the like, and halogenated hydrocarbons such 
as carbon tetrachloride, methylene chloride and the like, these may be 
used alone or as a mixed solution. Among them, diethyl ether, THF and 
carbon tetrachloride are preferable. In the reaction, a catalyst may be 
15 ai^bitrarily used. As the catalyst, the Imovv^n catalyst svich as a platinum 
catalyst, a palladium catalyst, a nickel catalyst and the like can be used. 

The thus obtained oi-ganic silane compound (a) can be isolated or 
purified from the reaction solution by the known means, for example, 
elution, concenti"ation, solvent extraction, fractionation, crystallization, 
20 recrystallization, chromatogi-aphy or the like. 

The compound represented by the general formula (b) (hereinafter, 
referred to as compound (b); Grignard reagent) can be obtained by 
reacting a compound represented by the general formula (b-1); 
{T)u-Li (b-1) 

25 wherein T, k and are as defined in the genei^al formula (b), respectively, 



with a metal magnesium in the same organic solvent as that described 
above. 

The compound (b-1) can be obtained by halogenating a compound 
i^epresented by the general formula (b-2); 
5 (T)ic-H (b-2) 

whei-ein T and k ai^e as defined in the general formula (b), respectively, at 
a prescribed position using N-chlorosuccinimide (NCS), 
N-bromosuccinimide (NBS) or the like in a solvent such as carbon 
teti^achloride and the like. 
10 The compound (b-2) can be obtained by linking the fused 

poly cyclic hydrocai^bon compound inducing T by a Grigiiard reaction. 
For example, a compound represented by the general formula (b-3); 

Ta-Tb-H (b-3) 

wherein Ta and Tb are the same as T in the general formula (b), and may 
15 be the same or different, can be obtained by preparing a Grignard reagent 
using one of a compound represented by the general formula (b-4) and a 
compound represented by the general foi^mula (b-5), and reacting the 
Grignard reagent and a halide of other compound. 
Ta-H (b-4) 

20 wherein Ta is as defined in the general formula (b-3), 
Tb-H (b-5) 

wherein Tb is as defined in the gexieral foi^mula (b-3). 

For example, when Grignard is prepared using the compound 
(b-4), generally, a prescribed position of the compound is halogenated, 
25 and a metal such as magnesium and the like is acted on die halogen 
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atom to prepare a Grignard reagent. The Grignard reagent may be 
reacted with a halide of the compound (b-5). hi this case, particularly, 
when a Grignard reagent prepared by dihalogenating both ends of the 
compound {b-4) and acting a metal such as magnesium, and the like on 
5 both halogen atoms, is reacted with a monohalide of the compound (b-5), 
. a compound corresponding to the compound (b) can be obtained. 

By appropriately repeating the aforementioned Grignard reaction 
using newly a desired ftised polycyclic hydrocarbon compound, a 
compound (b-2) in which k is 3 or more can be obtained. 
10 The fused polycyclic hydrocarbon compound corresponding to the 

compound (b-4) and the compound (b-5), and a halide diereof may be 
obtained as a commercially available product, or may be synthesized. 

For example, 2-bromonaphthalene is the known substance 
registered as CAS.No.90-1 1-9, and can be obtained as a commercially 
15 available product. 

In addition, for example, 2,7-dibromofluorene is the known 
substance registei-ed as CAS. No. 16433-88-8, and can be obtained as a 
commercially available product. 

In addition, for example, 2-bromofluorene is the known substance 
20 registered as CAS. No, 1 133-80-8, and can be obtained as a commei*cially 
available product. 

In addition, for example, benzo[k]fluoi-a:nthene is the known 
substance registei*ed as CAS. No. 207-08-9, and can be obtained as a 
commercially available product. 
25 In addition, for example, l-bromopyi-ene is the known substance 



registei*ed as CAS. No. 1714-29-0, and can be obtained as a commercially 
available product. 

In addition, for example, perylene is the known substance 
registered as CAS. No. 198-55-0, and can be obtained as a commercially 
5 available product having a purity of 99 % from Kishida Chemical Co., Ltd. 

In addition, for example, 1-benzanthracene is the know^n 
substance registered as CAS. No. 56-55-3, and can be obtained as a 
cominercially available product. 

In addition, for example, phenanthrene is the known substance 
10 registered as CAS. No. 85-0 1-8, and can be obtained as a commercially 
available product. 

In addition, for example, tetracene can be obtained at a purity of 
97 % or higher from Tolcyo Kasei Kogyo Co., Ltd. 

More specific process of production is described below. 
15 The fused polycyclic hydrocarbon compound can be obtained as a 

commercially available product, but can be synthesized, for example, by 
(A) a procedure of inserting a triflate group into a prescribed position of a 
raw material, reacting this with a furan derivative and, subsequently, 
oxidizing it (see route A1-A5), and (B) a route of adding an acetylene 
20 derivative to a presciibed position of a raw material, and ring-closing 
reacting acetylene groups (see route B1-B5}. Particularly, when the 
procedure (A) is adopted, by introducing the functional group into a furan 
derivative or the i-aw material in advance, the fused polycyclic 
hydrocarbon compound can be synthesized and, at the same time, the 
25 functional group can be introduced into this compound (see route A1-A5). 



In addition, wlien the procedure (B) is adopted,, by introducing the 
functional group into the raw matei^ial in advance, the fused polycyclic 
hydrocarbon compound can be synthesized and, at the same time, the 
functional group can be introduced into this compound (see route Bl). 
One example of a i^oute of synthesizing the fused polycyclic hydrocarbon 
compound using these procedures is shown below, 
route Al ' Ph 



I 




n= 1-^7 

In addition, the mediod (1) is a method of increasing a benzene 
ring of the acene skeleton one by one. Therefor, for example, even when 
the functional group having small reactivity or a protecting group is 
contained in a presci^ibed part of a raw matei-ial compound, the organic 
silane compound can be synthesized similarly. An example of this case 
is shown below. 
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route A2 




111 addition, it is preferable that Ra or Rb is the functional group 
having small reactivity such as a hydrocarbon group and an etiier grpup, 
or a protecting group. 
5 Alternatively, in the reaction formula of the method (2), a starting 

compound having two acetonitrile groups and trimethylsilyl groups may 
be changed to a compound in which these groups are all a trimethylsilyl 
group. In addition, in the reaction formula, after a reaction using a 
furan derivative, by refluxing the reaction product under lithium iodide 

10 and DBU (l,8-diazabicyGlo[5.4.0]undec-7-ene), a compound having one 
more benzene rings than the starting compound, and two substituted 
hydroxyl groups can be obtained. Further, when the hydroxyl group of 
this compoiind is brominated by the known method, and subjecting a 
bromo group to a Grignard reaction, a lunctional group can be 

15 introduced into a position of a bromo group. 
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route A3 




1) Mg , MeSiCI , HMPT 
THF, rellux 

2) Phi (OAc) 2 . CF3SO3H . i-PiaNH 

CH2CI2 MeaSi-^^^^^^^^^^SiMea 

3) 3,4-di(truuethylsilyl)furan ~ . Me3Si''''^'^^^^^^^^^^^^^SiMe3 
n-BU4NF , THF 

4) Lil , DBU 
THF, reflux 



1) Phi (OAc) 2 .CF3SO3H . i-Pr2NH 

CH2CI2 




1) Pl-il (OAc) 2 .CF3SO3H , i-Pr2NH 
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route A5 



cr 



c 



CI 
CI 



1) Mg , MeSiCI. HMPT 

TIIF, rcHux 

2) Phi (OAc) 2 . CF3SO3H . i-PfzNH 

CH2Cj2 ^ 

3) 3,4-cU(trimeLhyl8ilyl)furan 
n-Du^NF , THF 

4) Lit , DBU 
TIIF, reflux 

1) Phi (OAc) 2 , CF3SO3H . i-Pr^NH 
CH2CI2 
Ph Ph 





SiMe3 



Ph 

SIMe 



^Ph n-Bu4NF 
THF 



SiMe3 



SiMe3 3) LH.DBU 
THF, reflux 




N (Ph) 2 



SiMe3 
N (Ph) 2 



N (Ph) 2 
SiMe3 




1) Phi (OAc) 2 . CF3SO3H . i-Pr2NH 
CH2C I2 

2) 3,4-di(trimetliylsUyl)furan 

n-Bu^NF , THF 

3) Ul . DBU 
THF, reflux 

4) Pill (OAC) 2 . CF3SO3H i-PrzNH 
CH2CI2 ^^^^^ 

Ph THF 
SiMe3 SiMes 
G) Lil . DBU 

THF, reflux 



N(Ph)2 N{Ph)2 




SiMea 
N(Ph)2 N(Ph)2 
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1 80'C 



ODCB 

y -Lcrpinenc 




route B 2 




SiMea 



MeaSi 



SiMea 



C5H11 



Me.aSi 




1) K2C03/MeOH 

2) 1 80''C in ODCB 

y -tei'pineiie 



SiMes 




1) KsCOa/MeOH 



2) 180"C, beiizcn 

1,4-cyclohexadieiie 



C5H 



11 




route B4 



HO 




route B5 



1 60"C 



benzeiL 

1,4-cy clol iGxad ieiie 




1) K2CO3 in MeOH/THF 

2) Bu3SnH/AIBN 

boiizcii 



HO 





wherein Ra and Ru are each independently are as defined in the functional 
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group. 

The functional group can be introduced by optionally 
halogenating a prescribed site of the fused polycyclic hydrocarbon 
compound, and reacting this with a functional group-containing 
5 compound. When the functional group has been already introduced, 
introduction is not necessary. 

The lianctional group-containing compound can introduce the 
functional group into a halogenated site by a reaction with the 
halogeiiated site of the fused polycyclic hydrocarbon compound. 

10 Specifically, for example, when the functional group is an allcyl 

group, a cycloall^yl group, an aryl group, or a di or trieirylallcyl group, the 
Grignard i*eagent having the functional group can be used. In addition, 
for example, when the functional group is a diarylamino group, 
diarylamine can be used. In addition, for example, when the functional 

15 group is an alkoxy group, or an oxyaryl gi'oup, an alcohol having those 
groups can be used. In addition, for example, when the functional group 
is a halogenated alkyl group, a Grignard reagent having the functional 
group. can be used. In addition, for example, when tlie functional group 
is a nitrile group, a nitro group or an ester group, a procedure of adding 

20 the group in a process of synthesis from a raw material compound and, 
thereafter, adopting a mild route of a reaction route can be used. When 
the mild reaction, route cannot be selected, a pro tecting/depro tec ting 
reaction can be utilized before and after the reaction. Examples of the 
protecting group used in a protecting/ deprotecting reaction include a 

25 trimethoxysilyl group. 
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The reaction condition at inti'oduction of a functional group is not 
particularly limited as fer as the functional group can be introduced. 
Usually, the group can be introduced by refluxing for 1 to 48 hours in an 
organic solvent having no influence on the reaction. As the organic 
5 solvent having no influence on the reaction, the same organic solvent as 
that described later can be used. 

A silyl group can be introduced by optionally halogenating a 
prescribed site of the fused poly cyclic hydrocai-bon compound, and 
r-eacting this with a silane dei'ivative represented by the general formula; 

10 X^^-SiXiX2X3 

wherein to X^ are as defined above; X^ is a hydrogen atom or a halogen 
atom, for example, a fluorine atom, a chlorine atom, a bromine atom, or 
an iodine atom, preferably a hydrogen atom or a chloiine atom. It is not 
necessaiy that the prescribed site has already been halogenated. 

15 Pi*eferable examples of the silane derivative include 

triethoxysilane, di{t-butyl)mohomethoxysilane, and tetrachlorosilane. 

The reaction condition at introduction of a silyl group is not 
pai-ticularly limited as far as a silyl group can be introduced. 
Specifically, a reaction temperature is, for example, -100 to 150°C, 

20 preferably -20 to 100°C. A reaction time is, for example, around 0.1 to 
48 hours. The reaction is usually performed in an organic solvent which 
does not influence on the reaction. Examples of the organic solvent 
which does not influence on the reaction include aliphatic hydrocarbons 
such as hexane, pentane and the like, ethers such as diethyl ether, 

25 dipropyl ether, dioxane, tetrahydrofuran (THF) and the like, aromatic 



hydrocarbons such as benzene, toluene, nitrobenzene and the like, 
chlorinated hydrocarbons such as methylene chloride, chloroform, 
carbon tetrachloiide and the like. These can be used alone, or as a 
mixed solution. Inter alia, ethers, chlorinated hydrocarbons, and 
aromatic hydrocarbons are preferable and, particularly, THF, diether 
ether, chloroform, nitrobenzene, and toluene are preferable. In the 
reaction, a catalyst may be used arbiLrarily. As the catalyst, the known 
catalyst can be used, and examples include a copper catalyst, a platinum 
catalyst, a palladium catalyst, a nickel catalyst and the like. 

For example, the organic silane compound having two 
hydrophobic groups as the functional group can be synthesized by the 
following method. 

By a first step of first reacting a naphthalene derivative 
represented by the formula (1-1) 




(1-1) 



wherein n is 0 to 10, 

with R^-Br (R^ ^ h3^drophobic group) using a Grignard I'eaction to form 
an intermediate represented by the formula (1-2); 




(1-2). 



wherein N and R^ are as defined above, 

a second step of brominating an a carbon of R^ of the intermediate, 
and Subjecting to the Grignard reaction of this with R'^-Br (R'^ is a 



hydrophobic group) to form the formula (1-3); 



^^^^ (1-3) 
wherein n, and R"^ are as defined above, 

a third step of brominating the intermediate represented by the 
formula (1-3) to obtain an intermediate represented by the formula (1-4); 




B r- 



wherein n, R^ and R"* are as defined above 
or the formula (1-5); 

B r 



B r 



(1-4) 




^n— -R4 (1-5) 

10 ' wherein n, R^ and R"^ are as defined above, which has been obtained by 
brominating the intermediate represented by the formula (1-3), and 
a fourth step of reacting the intermediate represented by the 
formula (1-4) or (1-5) with a silicon compound represented by H-SiX^X^X^ 
(provided that X^ to X^ are the same or different, and are an alkoxy group 
15 represented by 0(CH2)mCH3 (m-0 to 9), or a halogen atom), 

an ox-ganic silane compound coxTesponding to the following 
formula (I)' can be synthesized. 

.R3 



(I)' 
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wherein n, R^, R^, and to are as defined above. 

When a residue such as a trimetliylsilyl group or the like is 
present at the pi^escribed site of the fused polycyclic hydrocarbon 
compound, and halogenation is difficult to occur, a silyl group may be 
introduced based on a reaction shown below. A starting substance of 
the following reaction is the fused polycyclic hydrocarbon compound 
synthesized by Route A 1 . 

route CI 




1) PhWMeriF" 
THF H^O 



2) SICI4 in N2 
dry toluene 




SiCU 



route C2 



t-Bu 




1) PhN^MegF 

THF H2O 



t-Bu 



2) (OEt) 38101 
in N2 

dry tolueue 



l-Bu 




Si (OCzHs ) 3 



t-Bu 



10 



route 03 



N(Ph)2 N(Ph)2 r.. K.H^w r-- 

I ^ ' ^ f ^ ' ^ 1) PhN MeaF 
Me:,S\s.^^^^^^^^^^y^y3Me3 thF H2O 



Me3Si 




J' ^ SMe^ 2) (t-.Bu)2 (OMe)SiCI 

N (Ph) 2 N (Ph) 2 ^2 

dry toluene 



N(Ph)2 N(PI0 2 




SI (t-Bu) 2 (OCH3) 
Si (t-Du) 2 (OCH3) 



N(Ph)2 N(Ph)2 



One example of a route for introducing the functional group and 
the silyl group is shown below. 
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route Dl 




H-Si(f-Bu)2(OCH3) 



nitrobeuzene 




In addition, examples of a pi*ocedure of inserting a secondaiy 
amino group in which a nitrogen atom is substituted witli two aromatic 
ring groups, as a side chain, into the perylene skeleton include a 
procedure for halogenating an insertion part of a side chain in advance, 
and coupling the secondary amino group in the presence of a metal 
catalyst. For example, in the case of the peiylene skeleton, die 
secondary amino group can be inserted, for example, by die following 
procedure. 
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The organic silane compound of the present invention obtained by 
sucli the method can be isolated and purified fi^om the reaction solution 
by the known means, for example, elution, concentration, solvent 
5 extraction, fractionation, recrystallization, chromatogi-aphy or the like. 
(Material for organic EL device) 

Among the organic silane compound of the general formula (a), 
the organic silane compound having the acene skeleton suitable in a 
material for the organic EL device will be described below. 
10 The organic silane compound of the present invention having the 

acene skeleton is represented by the genei^al formula (1); 



R^ 




The compound is referred to as an organic silane compound (1) 
hereinafter. 
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In the formula (1), in is an integer of 0 to 10 and, from a viewpoint 
of a yield, an integer of 2 to 8 is preferable, particularly 2 to 4 is 
preferable. 

At least one group, preferably 1 or 2 groups, particularly two 
5 groups of Ri to Ri« are a silyl group repi^esented by the general formula (i); 
-SiXiX2X3 (i) 

(hereinafter, simply referred to as silyl group), and at least one group is 
the functional group, and other groups ai*e a hydrogen atom. When m is 
2 or more, all of R'^ and R^ may be the same or different. 
10 In the organic silane compound (1), any group may be a silyl 

group as lar as at least one group of Ri to R^^ is a silyl group and, in view 
of electrical conductivity, it is preferable that at least one of R^ to R'^ is a 
silyl group. 

When the organic silane compound (1) of the present invention 
15 has two or more silyl groups, a part or all of those gi^oups may be the 
same or different. 

In the oi^ganic silane compound (1), any group may be the 
functional group as far as at least one group of R^ to R^^ is the functional 
group and, in view of a method of synthesizing a compound, and a yield, 
20 it is preferable that 1 to 6, particularly 1 to 4 groups of R^ to R^^ are a 
functioiial group. That is, when the functional group is not possessed, 
solubility of the compound in the organic solvent is remarkably low. On 
the other hand, when the number of functional groups is more than 6, it 
is difficult to introduce such the number of functional groups into the 
25 fused polycyclic hydrocarbon compound due to the steric effect of the 
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luiictional group. 

When the organic silane compound (1) of the present invention 
has two or more functional groups, a part or all of those groups may be 
the same or different. 

For example, when the organic silane compound (1) is contained 
in a light emitting layer, the organic silane compound (1) is not 
particulai-ly limited as far as it is in the aforementioned range, but it is 
preferable to use the compound in which the functional group is a 
substituted or unsubsituted alkyl gi^oup, a diaiylamino group, or a di- or 
triaiylalkyl group among the aforementioned groups. Thereupon, the 
silyl group is not particularly limited,, but may be the same as that 
described above. For example, when the organic silane compound in 
which m is in tlie afoi^ementioned range in the general formula (1) is 
mixed with Alci3 to form an organic thin film, light emission of m = 
4(575nm), m=5 (620nm), m=6(625nm), m=7(630nm), and m=8(635nm) is 
possible, respectively. 

In addition, for example, when the organic silane compound (1) is 
contained in an electron transporting layer, the organic silane compound 
(1) in which the functional group is a group having electron donating 
property (a substituent constant s based on Hammett rule is 0 or more), 
for example, an all<yl group, a cycloallcjd group, an aryl group, a 
diary lamino group, a di- or tiiarylalkyl group, an alkoxy group, an oxyaryl 
group or the like among the aforementioned groups, is used. Thereupon, 
the silyl group is not particularly limited, but may be the same as that 
described above. 
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In addition, for example, wlien tlie organic silane compound (1) is 
contained in a hole transporting layer, the organic silane compound (1) in 
which the functional group is a group having electronattracting property 
(a substituent constant s based on Hammett rule is 0 or less), for example, 
a halogenated allcyl gi'oup, a nitrile group, a nitro group, an ester group or 
the like, is used. Thereupon, the silyl group is not particularly limited, 
but may be the same as that described above. 

When the organic silane compound (1) is contained in any layer of 
the light emitting layer, the electron transporting layer and the hole 
transporting layer, in view of a light emitting efficiency and 
ciystallizability control, it is preferable that a structure of the compound 
has symmetry particularly linear symmetry. That is, it is preferable that, 
in the general formula (1), Ri and R2, R3 and R^, RS and R^, E7 and R8, and 
R'^ and R^" are the same substituent, respectively. It is particularly 
preferable tliat R^ and R^S R^ and R^, R^ and R«, and R^ and Ri« aix the 
same substituent. 

Examples of the organic silane compound (1) of the present 
invention are shown below. 
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t-Bir ^ ^ -Si (t-Bu) 2 (OEt ) 




The organic silane compound of the present invention having a 
different acene skeleton from that described above is represented by the 
general formula (2) : 
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Hereinafter, the compound of the general formula (2) is referred to as 
5 organic silane compound (2), and a compound of the general formula (3) 
is referred to as organic silane compound (3). Skeletons possessed by 
die organic silane compounds (2) and (3) are all the acene skeleton in 
which benzene rings are zigzag bound. For convenience, the number of 
benzene ring units is designated in die form shown in the above general 
10 formula. In addition, a binding position and a kind of a substituent are 
designated as Rn-m. In any of die organic silane compounds (2) and (3) 
of the present invention, a total unit number n of benzene rings is 
preferably 3 to 7. 

Preferable examples of an acene skeleton of the general formula 
15 (2) include a phenandirene skeleton, a clirysene skeleton, a picene 
skeleton and the like. 

Preferable examples of the acene skeleton of the general foi'mula 
(3) include a pyrene skeleton, an anthoanthrene skeleton and the like. 

In the formulas (2) and (3), among all groups represented by Rn-m, 
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at least one group is the silyl group, at least one, preferably 1 to 4 groups 
are the functional groups, and other groups are all a hydrogen atom. 
The silyl group and the functional group are the same as the silyl group 
and the functional group in the formula (1), respectively. 

The organic silane compound of the present invention having the 
perylene skeleton is represented by the general formula (4); 







p.. 


R" 


r'2 




r20_ 




y 


y 




(4) 














J 


y 






r4 




r4 


\^5 





Hereinafter, the compound is referred to as organic silane 
compound (4). 

10 In the formula (4), at least one group, preferably 1 to 2 groups of 

Rii to R22 are the silyl group, at least one group, preferably 1 to 4 groups 
are functional groups, and other groups ai^e a hydrogen atom. In the 
; formula (4), the silyl group and the Ixmctional group ai^e the same as the 
silyl group and functional group in the formula (1), respectively. 
15 When the organic silane compound (4) of the present invention 

has two or more silyl groups, a part or all of those groups may be the 
same or different. 

When the organic silane compound (4) of the present invention 
has two or more functional groups, or a part or all of those groups may be 
20 the same or different. 

In addition, when the organic silane compound (4) is used as a 
material for the organic EL device, in view of a light emitting efficiency, it 
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is preferable that a . structure of the compound has sjanmetry, 
particularly point symmetiy. That is, it is preferable that, in the general 
formula (4), RH and Ri7, R12 and RI8, Ri3 and Ri^, Ri4 and R20, Ris and R21, 
and Ri^ and R22 are the same substituent, respectively. 

Examples of the organic silane compound. (4) of the present 
invention are shown below. 




In the organic silane compound having the functional group in the 
organic group derived from the fused poly cyclic hydrocarbon compound, 

10 a film excellent in electrical conductivity is obtained. In addition, 

solubility in the organic solvent is enhanced, and it becomes possible to 
apply to a coating method using the organic solvent. Furdier, when the 
functional group is an organic residue having high hydrophobicity, 
solubility in the organic solvent is further enhanced. For this reason, 

15 general-use is remarkably improved. Further, the organic silane 
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compound of the present invention becomes possible to bind to a 
substrate firm via a chemical bond, because it has the silyl group. 
Further, by the silyl group being hydrophilic, and an organic residue 
being hydrophobic, surface activity of the oi^ganic silane compound of the 
5 present invention is improved. For this reason, the silyl group intei*acts 
with a substrate at formation of the film, and the compound molecules 
are aligned regularly and effectively in the same diixction. Further, due 
to the presence of the functional group having a great molecular volume, 
interaction between adjacent molecules is reduced, and the film becomes 

10 amorphous. As a result, electrical conductivity of the compound is 
further improved, and a film forming time can be further shortened. 

When the silyl group is not possessed, binding with the substrate 
is weakened, and durability of the resulting film is reduced. When only 
a group having a small molecular volume as the functional group is 

15 possessed, tlie formaition of an amorphous film becomes impossible, 
because the ciystallizability is enhanced. 

(Constmction of oi^ganic EL device) 

The organic EL device of the present invention has organic thin 
20 films comprising one or more organic thin films derived from the general 
formula (a) between an anode and a cathode. 

As the anode and the cathode, any electrodes which have 
previoLisly been used in the field of the organic EL device can be used. 
Particukirly, as the anode, usually, a thin film having high light 
25 transmittance and high hole injecting property is used and, for example, 



a metal oxide or a mixed metal oxide such as indium tin oxide (ITO), Sn02, 
indium tin oxide, zinc oxide, indium zinc oxide and the like can be used. 
And, examples include a metal having a high work function such as gold, 
and a conductive polymer in which a dopant such as an electrolyte and 
5 the like is added to a polymer such as PEDOT 

(poly[3,4-(ethylene-l,2-clioxy)thiophene]), polyaniline, polypyrrole, 
polythiophene and the like. As the cathode, usually, a thin film having 
high electron injecting property is used, and examples include an alloy . 
such as a lithium -aluminum alloy, a magnesium silver alloy and the like, 
10 magnesium, calcium, and an electrode having a bilayer structure such as 
lithium fluoride (LiF)/ aluminum, lithium oxide (Li20)/ aluminum and the 
like. 

The oi-ganic thin film is used by combining one or more organic 
thin films selected from the group consisting of, for example, an electron 
. 15 transporting layer, a hole transporting layer, and a light emitting layer.. 
Examples of consti-uction of the organic EL device of the present 
invention using such the organic thin film are as follows. 

Construction (1); anode-light emitting layer-cathode, 
Construction (2); anode-hole transporting layer-light emitting 
20 layer-cathode, 

Construction (3); anode-light emitting layer-electron transporting 
layer-cathode, and 

Construction (4); anode-hole transporting layer-light emitting 
layer-electron transporting layer-cathode, 
25 In the oi^ganic EL device of the present invention, when it has any 
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construction, the organic silane compound is contained in at least one 
organic thin film, for example, at least one oi^ganic thin film selected from 
the electron transporting layer, the hole transporting layer, and the light 
emitting layer. When the organic silane compouiid is contained, the 
5 organic silane compound, and a layer on which the organic silane 
compound-containing Is^yer is formed, for example, the anode, the 
cathode or other organic thin film are reacted to chemically bind them 
and, as a result, tlie organic silane compound-containing layer and a 
layer on which the layer is formed are bound firm with a chemical bond. 

10 For this reason, injection and transpai'ence of a carrier such as a hole 

and an electron occur effectively at an interface between those layers, and 
a light emitting efficiency as a whole is improved, and a driving voltage 
can be effectively reduced. Therefore, it is preferable in respect of carrier 
injection that the organic silane compound is contained in all organic 

15 thin films, and a bond by a chemical bond is formed at all interlaces of an 
organic EL device, but from a viewpoint that light emitting property of the 
light emitting layer itself is increased by using a material having a better 
quantum yield in the light emitting layer, it is more preferable that only 
an electrode and a transporting layer are bound with a chemical bond. 

20 Further, in respect of an efliciency of manufacturing the organic EL 
device, it is most preferable that only the transporting layer neai-er a 
substi^ate, and an electrode are bound with a chemical bond and, also in 
this construction, a hole /electron ti-ansporting efficiency can be 
improved. That is, in view of that, usually, the anode, the desired 

25 organic thin film and the cathode are sequentially laminated on a 
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transparent substrate, it is more prefei-able that the hole transporting 
layer and the anode are bound with a chemical bond. 

For example, when the organic EL device has the construction (1), 
the organic thin film is only the light emitting layer, and the organic 
5 silane compound is contained in the light emitting layer. In this case, 
the light emitting layer is bound to at least a lower electrode (e.g. anode) 
via a chemical bond. Such the light emitting layer may be constructed of 
the organic silane compound alone, or may be constmcted of a mixture of 
the organic silane compound and other light emitting substance. Other 
10 light emitting substance is not particularly limited as far as it is a 

substance which has previously been used as a light emitting substance 
for the organic EL device, and examples include 

tris{8-quinolilito)aluminum (Alq3), a styryl compound (dimerized styryl 
compound), a benzoxazole derivative and a metal complex thereof, a 

15 benzimidazole derivative and a metal complex thereof, a polymer such as 
poly(p-phenylenevinylene), and a derivative or a derivative in a copolymer 
form thereof, polyfluorene and a derivative thereof, and the like. 

In addition, for exa.mple, when the organic EL device has the 
construction (2), the organic silane compound is contained in at least one 

20 layer of the hole transporting layer and the light emitting layer, preferably 
only in the hole transporting layer. When the organic silane compound 
is contained in the hole transporting layer, the hole transporting layer is 
bound to the anode via a chemical bond. Such the hole transporting 
layer may be constructed of the organic silane compound alone, or may 

25 * be constructed of a mixture of the organic silane compound and other 
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hole transporting substance. Other hole transporting substance is not 
particularly limited as far as it is a substance which has previously been 
used as a hole ti'ansi^orting substance for the organic EL device, and 
examples include a triphenyldiamine compound such as N, 
5 N'-diphenyl-N,N'-bis(4-methylphenyl)-4,4'-diamine (TPD) and the like, a 
phenylenediamine compound such as N, 
N,N',N'-tetra-(m-tolu3d)-m-phenylenediamine and the like, a 
diphenoquinone coinpound such as 

3,5-dimethyl-3',5 -ditertiai^butyl-4,4'-diphenoquinone and the like, and 

10 an oxadiazole compound such as 2-(4-biphenyl)-5-{4-tertiary 

butylphenyl)-l,3,4-oxadiazole and the like. As a ratio of mixing the 
organic silane compound and other hole transporting substance, they 
may be mixed in such a range that a ratio of the organic silane compound 
is 1 weight % to 100 weight %, but it is preferable to adjust a mixing 

15 amount so that suitable injection is obtained, because an amount of a 
hole to be injected is changed depending on a mixing ratio,. Inter alia, 
when the organic silane compound and other hole transporting 
substance have different energy levels and mobilities to a hole, it is 
desirable to i^egulate a hole concentration optimal for a structure of an 

20 organic EL device by selecting a compound, and finding out an optimal 
mixing ratio. The hole transporting layer, when the organic silane 
compound is not contained in the hole transporting layer, may be 
constructed of the aforementioned other hole transporting substance. 
When the organic silane compound is contained in the light 

25 emitting layer, the light emitting layer is bound to the hole transporting 
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layer via a chemical bond. A light emitting layer constituting material in 
such the case is the same as that of the light emitting layer of the 
construction (1). The light emitting layer, when the organic silane 
compound is not contained in the light emitting layer, may be 
constructed of other light emitting substance of the construction (1). 

In addition, for example, when the organic EL device has the 
construction (3), the organic silane compound is contained in at least one 
layer of the electron transporting layer and the light emitting layer, 
prelerably only in the electron transporting layer. When the organic 
silane compound is contained in the electron transporting layer, the 
electron transporting layer is bound to the light emitting layer via a 
chemical bond. Such the electron transporting layer may be 
consti^ucted of the organic silane compound alone, or may be constructed 
of a mixture of the organic silane compound and other electron 
transporting substance. Other electron transporting substance is not 
particularly limited as far as it is a substance which has previously been 
used as the electron transporting substance of the organic EL device. In 
addition, if the light emitting layer has a nature of light emission and, at 
the same time, a nature of capable of transferring an electron like Alq3, 
an electron transporting layer may not be formed. A representative 
example of the electron transpoi-ting substance is AlqS, and a 
phthalocyanine copper complex compound may be used. As a ratio of 
mixing the organic silane compound and other electron tremsporting 
substance, they may be mixed in such a range that a ratio of the organic 
silane compound is 1 weight % to 100 weight %, but it is preferable to 
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adjust a mixing amount so that suitable injection is obtained, because an 
amount of an electi^on to be injected is changed depending on a mixing 
ratio,, hiter alia, when an organic silane compound and other electron 
transporting substance have different enei^gy levels and mobilities to an 
5 electron, it is desirable to reguilate an electron concentration optimal for a 
structure of a light emitting device by selecting a compound, and finding 
out an optimal mixing ratio. The electron transporting layer, when the 
organic silane compound is not contained in the electron transporting 
layer, may be constructed of the aforementioned other electron 

10 transporting substance. 

When the organic silane compound is contained in the light 
emitting layer, the light emitting layer is bound to the anode via a 
chemical bond. The light emitting layer constituting material in such 
the case is the same as that of the light emitting layer of the construction 

15 (1). The light emitting layer, when the organic sileuie compound is not 
contained in the light emitting layer, may be constructed of other light 
emittiiig substance of the construction (1). 

In addition, for example, when the organic EL device has the 
construction (4), as shown in Fig. 1, the device is such that the hole 

20 transporting layer 2, the light emitting layer 3, the electron transporting 
layer 4 and the cathode 5 are sequentially laminated on the anode 1 . In 
addition, from a viewpoint of a manufacturing efficiency, the anode 1 is 
usually formed on the substrate 6 in advance. In this case, the organic 
silane compound is contained in at least one layer of the hole 

25 ti*ansporting layer, the electron transporting layer and the light emitting 



layer, preferably in one layer of the hole transpordng layer and the 
electron transporting layer, particulai-ly only in the electron transporting 
layer. 

When the organic silane compound is contained in the electron 
transporting layer, the electron transporting layer is bound to the light 
emitting layer via a chemical bond. The electron transporting layer 
constituting material in such the case is the same as that of an electron 
transporting layer of the construction (3). The electron transporting 
layer, when the oi^ganic silane compound is not contained in the electron 
transpordng layer, may be constructed of other electron transporting 
substance of the construction (3). 

When the organic silane compound is contained in the hole 
transporting layer, the hole transporting layer is bound to the anode via a 
chemical bond. The hole transporting layer constituting material in 
such the case is the same as that of the hole transporting layer of the 
construction (2). The hole transporting layer, when the organic silane 
compound is not contained in the hole transporting layer, may be 
constructed of other hole transporting substance of the construction (2). 

When the organic silane compound is contained in the light 
emitting layer, the light emitting layer is bound to the hole transporting 
layer via a chemical bond. The light emitting layer in such the case is 
the same as the light emitting layer of the construction (1). The light 
emitting layer, when the organic silane compound is not contained in the 
light emitting layer, may be constructed of other light emitting substance 
of the construction (1). 
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(Process foi^ manufacturing organic EL device) . 

The organic EL device of the present invention is usually such that 
the anode, each organic thin film and the cathode are sequentially 
5 laminated on the substrate. 

A substi-ate material is not particularly limited, but in view of that 
emitted light is taken out from a substrate side, a ti^ansparent or 
translucent material is preferable. Therefore, for example, it is 
preferable to use a glass or a plastic having an amorphous natui^e and, 
10 depending on utility, the substi^ate having suitable mechanical strength 
and surface planarity such as a metal and a v^afer can be used. 

The anode and the cathode can be formed by adopting a 
deposition method such as a vacuum deposition method, a molecLilar 
beam deposition method and the like, a vapor method such as a RF 
15 sputtering mediocl and the like. A thickness of the anode and tlie 

cathode is not pai'ticularly limited, but usually may be independently 50 
to 500 nm. 

The organic thin film containing no organic silane compound, in 
the case of any layer of the light emitting layer, the electron transporting 
20 layer and the hole transporting layer, can be formed by adopting the 

same method as the method of forming the anode and the cathode using 
prescribed substances. 

Whether the organic silane compound is contained or not, a 
thickness of the light emitting layer, the electron transporting layer and 
25 the hole transporting layer is not particularly limited, but usually may be 
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independently 1 to SOOnm. 

The organic thin film containing the organic silane compound can 
be formed by the following method using prescribed substances. 



5 (Organic thin film containing organic silane compound and method of 
forming the same) 

The oi'ganic thin film containing the organic silane compound, in 
the case of any layer of the light emitting layer, the electron transporting 
layer and the hole transporting layer, can be formed as an amorphous 

10 film by a method including a solution process, while being bond to a layer 
on which a layer is to be formed via a chemical bond. The layer on which 
the layer is to be formed means a layer on which the oi'ganic silane 
compound-containing layer should be formed. For example, when the 
organic silane compound is contained in the light emitting layer in the 

15 construction (1), the layer on which the laj^er is to be formed refers to the 
anode. In addition, for example, when the organic silane compound is 
contained in the hole transporting layer in the construction (2), the layer 
on which the layer is to be formed refers to the anode, hi addition, for 
example, when the organic silane compound is contained in the electron 

20 transporting layer in the constructions (3) and (4), the layer on which the 
layer is to be formed refers to the light emitting layer. 

As the method of forming the thin lilm including a solution 
process, the known method such as a chemical adsorption method, a LB 
method (Langmuir Blodget method)* a dipping method, a spin coating 

25 method, a casting method and the like can be adopted. The thin lilm 



construction when the organic thin film is formed using the organic 
silane compound, and a method of forming the same will be described 
below. 

Fig. 2 is one example of an outline cons truction view of the organic 
5 thin film fonned using the organic silane compound. In Fig. 2, lor 
example, it is shown that when the organic silane compound in one of 
to is a silyl group, and at leasL one group of R^ to R'' and R^ to R^^ is the 
functional group 13 in the general formula (1) is used, an amorphous 
organic thin film 10 is formed on the layer 1 1 on which the layer is to be 

10 formed 1 1 while being bound via a silanol bond (-Si-O-). That is, an 
alkoxy group or a halogen atom possessed by the silyl group is 
consequently converted into an ether bond (-0-) and, by the ether bond, 
the organic silane compound, therefore, the organic thin film 10 
containing the compound is bound on the layer 1 1 on which the layer is 

15 to be formed. In addition, intermolecular interaction between adjacent 
molecules (van der Waals interaction) becomes small, because an 
intermolecular distance between adjacent molecules is increased due to 
steric hindrance of the functional group 13,. Therefore, the compound 
molecules are suitably randomly oriented while regularly aligned and 

20 without crystallization as shown in Fig. 2, and the organic thin film 10 
excellent in electrical conductivity can be obtained. 

In Fig. 2, the thin lilm has a monomolecular layer structure, and 
such the structure can be formed, for example, by a chemical binding 
method. More particularly, the organic silane compound is dissolved in 

25 an organic solvent. By immersing the substrate containing the layer on 
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which the layer is to be formed, containing a hydroxy group on a surface 
in the resulting solution for a constant time, the organic silane compound 
is bound to the layer on which the layer is to be formed. Details of a 
mechanism thereupon are generally thought that following mechanisms 
5 Al and Bl contribute complexly. 

Mechanism A2; The alkoxy group or the halogen atom possessed 
by the organic silane compound (silyl group) is hydrolyzed by a water 
molecule contained in an organic solvent at a slight amount to be 
converted into a hydroxy group, and a dehydration i^eaction occurs 

10 between the hydroxy gi'oup and a hydroxy group of the layer on which the 
layer is to be formed. 

Mechanism B 1 ; dealcoholization reaction or a 
dehydrohalogenation reaction occurs between the alkoxy group or the 
halogen atom possessed by the organic silane compound (silyl group) and 

15 the hydroxy group of the layer on which the layer is to be formed, 
respectively. 

It is thought that, as a result, a silicone atom of the silyl group and 
die layer on which the layer is to be formed are chemically bound via an 
ether bond (-0-): 

20 Film formation by such the mechevnism can be easily attained not 

only by a chemical binding method but also other solution process such 
as a spin coadng mediod, a dipping method and the like. 

In addition, the monomolecular layer stixicture in Fig. 2 can be 
easily formed also by a LB method. More particularly, the organic silane 

25 compound is dissolved in the organic solvent. The i^esulting solution is . 



added dropwise to a water surface to form a thin film on a water surface. 
In tliat state, a pressure is applied to tlie water surface, and tlie substrate 
containing the layer on which the layer is to be formed, having the 
hydroxy group on the sui^face is pulled up, thereby, the organic silane 
5 compound is bound to the layer on which the layer is to be formed. It is 
genei^ally thought that the following mechanism C 1 as well as the 
aforementioned mechanisms Al and Bl complexly contribute to details 
of a mechanism thei-eupon. 

Mechanism CI; The alkoxy group or the halogen atom possessed 
10 by the organic silane compound (silyl group) is hydrolyzed by water 

derived from addition of a solution to be converted into a hydroxy group, 
and a dehydration reaction occurs between the hydroxy group and the 
hydroxy group of the layer on which the layer is to be formed. 

' It is thought that, as a result, a silicon atom of the silyl group and 
15 the substrate are chemically bound via an ether bond (-0-). 

As another binding aspect, for example, when the layer on which 
the layer is to be formed has a carboxyl group on a surface, it is generally 
thought that the following mechanisms A2, B2 and C2 complexly 
contribute to details of a mechanisms thei'eupon. 
20 Mechanism A2; The. alkoxy group or the halogen atom possessed 

by the organic silane compound (silyl group) is hydrolyzed by a water 
molecule contained in an organic solvent at a minor amount to be 
converted into a hydroxy group, and a dehydration reaction occurs 
between the hydroxy group and the carboxyl group of the layer on which 
25 the layer is to be formed. 



Mechanism B2; A dealcholization or a de-hydrogen halide reaction 
occurs between the alkoxy group or the halogen atom possessed by the 
organic silane compound (silyl group) and the carboxyl group of the layer 
on which the layer is to be formed, respectively. 
5 Mechanism C2 (the case by LB method); The alkoxy group or the 

halogen atom possessed by die organic silane compound (silyl group) is 
hydrolyzed by water derived from addition of a solution to be converted 
into a hydroxy group, and a dehydration reaction occurs between die 
hydroxy group and the carboxyl group of the layer on which the layer is to 
10 be formed. 

It is thought that, as a result, a silicon atom of the silyl group and 
die layer on which the layer is to be formed are. chemically bond via an 
ester bond [silicon atom side:-0-C(=0)-: substrate side]. In addition, an 
ether bond (-0-) is sti^ucturally contained in an ester bond. Therefor, in 

15 die present invention, binding of the organic silane compound with the 
layer on which the layer is to be formed via the ether bond include the 
case of binding via the ester bond. 

When the layer on which the layer is to be formed has no active 
hydrogen-containing group such as die hydroxy group and the carboxyl 

20 group on a surface, the active hydrogen-contained group can be imparted 
to a surface of die layer by liydrophobilization treatment. 
Hydropliobilization treatment can be performed, for example, by 
immersing the layer on which the layer is to be formed in a mixed solution 
of hydrogen peroxide and concentrated sulfuric acid. 

25 In the present invention, the afoi-ementioned various forms of 
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bindings may occur complexly between the organic silane compound 
-containing layer and the layer on which the layer is to be foi*med. 

Fig. 3 is another example of an outline construction view of the 
organic thin film formed using the organic silane compound. In Fig. 3, it 
5 is shown that, for example, when the organic silane coiTipound in which 
one of to R2 is a silyl group, and at least one group of to R"^ and R^ to 
Ri« is the functional group 16 having a niti^ogen atom or an oxygen atom 
(e.g. diarylamino group, an alkoxy group or an oxyaryl group etc.) in the 
general formula (1) is used, not only the organic group 15 is bound to the 

10 layer 14 on which the layer is to be formed firm via a silanol bond, but 
also an amorphous organic thin film 20 is formed into a multimolecular 
layer structure by interaction (hydrogen bond) (shown by dotted line in 
Fig. 3) between the functional group 16 and a silanol group. That is, at 
an interface between the layer 14 on which the layer is to be formed, the 

15 alkoxy group or the halogen atom possessed by a silyl group is 

consequently converted into an ether bond (-0-), and the organic silane 
compound, therefore, the organic thin film 20 containing the compound 
is bound to the layer 14 on which the layer is to be formed via the ether 
bond. On the other hand, the organic silane compound bound on the 

20 layer 14 on which the layer is to be formed via the ether bond interacts 
with a hydroxy group of a silyl group possessed by another organic silane 
compound at its upper functional group 16, forming a multimolecular 
layer structure. Thereupon, when at least one of and in the silyl 
group is a substituent which does not react with an adjacent molecule, 

25 the effect of stei^ic hindrance between silyl groups becomes further 



greater, and a better quality amorphous film can be obtained, but when a 
molecular volume of the substituent is too great, in view of that reactivity 
with the layer on which the layer is to be formed is reduced, it is 
preferable that the substituent is a substituent smaller than a molecular 
5 volume of the organic group 15, 

Further, thereupon, when at least one of and in the silyl 
group is an alkoxy group or a halogen atom and, consequently, a silyl 
group has 2 to 3 silanol groups, a binding part in one compound molecule 
with the substrate becomes 2 to 3 places, and adherability with the layer 

10 on which the layer is to be formed can be further enhanced. In this case, 
by making a binding part with the layer on which the layer is to be formed 
2 to 3 places, it is possible to contain many structures in which the 
organic group stands vertical to the layer on which the layer is to be 
formed. Like this, by possession of a structure in which the organic 

15 group stands vertical to the layer on which the layer is to be formed, in 
suitable random orientation of the organic group, electrical conductivity 
of the organic thin film can be iiarther enhanced, because n-n interaction 
of the a.djacent xiiolecule becomes suitably strong. Therefore, electrical 
conductivity of the organic thin film becomes further greater and, as a 

20 result, high device property having the organic thin film which can 
effectively transport a hole or an electron can be realized. 

The organic thin lilm having a multimolecular layer structure 
shown in Fig. 3 can be easily foi'med, for example, by a dipping method, a 
spin coating method, a casting method or the like. 

25 . More particularly, the organic silane compound is dissolved in the 



organic solvent. The substrate containing the layer on which the layer is 
to be formed, having the hydroxyl group or the carboxyl group on the 
surface is immersed in the resulting solution, and is pulled out. 
Alternatively, the resulting solution is coated on the surface of the layer 
5 on which the layer is to be formed. Thereafter, this is washed with an 
organic solvent, washed with water, and dried by allowing to stand or 
heating, to fix the thin film. This thin film may be further subjected to 
treatment such as electrolysis polymerization and the like. 

The organic solvent which can dissolve the oi^ganic silane 

10 compound upon formation of the organic thin film is different depending 
on the functional group and a silyl group possessed by the compound, 
and examples include non-aqueous organic solvents such as hexane, 
n-hexaclecane, methanol, ethanol, IPA, chloroform, dichlrome thane, 
carbon tetx^achloride, 1,1-dichloroethane, 1,2-dichloroethane, THF, 

15 dimethyl ether, diethyl ether, DMSO, toluene, xylene, benzene and the 
like. 

The above description does not prevent from adopting the method 
which has previously been adopted as a method of forming the organic 
silane compound-containing layer, such as a vacuum deposition method, 
20 a molecular beam deposition method, a sputtering method and the like in 
the pi"esent invention. 



[Material for organic TFT] 

A material for the organic TFT of the present invention is a 
25 compound selected irom the general formula (a), and the thin film can be 
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obtained by binding the compound to a substrate via a siloxane bond. 

Among the compound represented by the general formula (a), the 
following organic silane compound having a hydrophobic group in a long 
axis dii^ection of the organic group is more preferable. 




R3 



wherein n is 0 to 10, Ri and R2 ai'e the same or dilTerent, and are a silyl 
group represented by SiX^X^X^ or a hydrogen atom (provided that the 
case whei-e and R2 are a hydrogen atom at the same time is not 
included), X^ to X^ are the same or different, and are an alkoxy gi-oup 
represented by 0(CH2)mCH3 {m= 0 to 9), or a halogen atom, and R^ and R'^ 
are hydrophobic groups, or a hydrophobic group and a hydrogen atom 

In the above formula, as the silyl group and tlie hydrophobic 
group, groups already explained above can be used, respectively. 

The number of benzene rings constituting an organic silane 
compound of the formula (I)' is 2 to 12. Particularly, in view of the 
number of the steps of synthesis and a yield of a product, naphthalene, 
anthracene, tetracene, pentacene, hexacene, heptacene, octacene, and 
nonacene having the number of benzene rings of 2 to 9 ai*e particularly 
preferable. 




wherein is a silyl group represented by SiX^X^X^, X^ to X^ are the same 
or diffei'ent, and are an alkoxy group represented by 0(CH2)mCI-l3 (rn= 0 to 
9), or a halogen atom, and is a hydrophobic group 

hi the above formula, as the silyl group and the h3^drophobic 
5 group, gi^oups already explained above can be used, respectively. 




(X)' 



wherein R'^ and R^ are the same or difierenL, and are a silyl group 
represented by SiX^X^X^ or a hydi'ogen atom (provided that the case 
where R^ and R^ are a hydrogen atom at the same time is not included), Y 

10 is selected from C(Rii)2, NR12, O and S (herein Rii and R12 are a hydrogen 
atom, but may be directly bind to other functional group), X^ to X^ are the 
same or different, and are an alkoxy group represented by 0(CH2)mCH3 
(m=0 to 9) or a halogen atom, and R^ and Ri« are a hydrophobic group or 
a hydrogen atom (provided that the case where R^ and R^^ are a hydrogen 

15 atom at the same time is not included) 

In the above formula, as the silyl group and the hydrophobic 
group, groups already explained above can be used, respectively. 




(I I D' 

wherein Ri3 is a silyl group represented by SiX^XSX^, R^^ to Ri<5 are the 
20 same or different, and are a hydrophobic group or a hydrogen atom 
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(provided that die case where R^"^ to R^^ are the hydrogen atom at the - 
same time is not included), n^* and n^' are integers in which a sum of tiiem 
is 0 to 8, and to are the same or different, and are an alkoxy group 
represented by 0(CH2)mCH3 (m=0 to 9), or a halogen atom 
5 In the above formula, as the silyl group and the hydrophobic 

group, groups already explained above can be used, respectively. 




(IV)' 

wherein Ri^ to R^o sadsly any of the following two conditions: 

condition 1; R^'^ and R^^ are the same or different, and aix a silyl 

10 group represented by SiXiX2X3 or a hydrogen atom (provided that the 
case where R^^ and R^^ are a hycli-ogen atom at the same time is not 
include), R^^ and R^o are the same or different, and.ai-e a hydrogen atom 
or a hydrophobic group (provided that the case whei^e R^^ and R2o are a 
hydrogen atom at the same time is not included), and X^ to X^ are the 

15 same or different, and are an alkoxy group represented by 0(CH2)mCH3 
(m= .0 to 9) or a halogen atom; 

condidon 2; Ri^^ and R2« are the same or different, and are a silyl group 
represented by SiX^X^X^ or a hydrogen atom (provided that the case 
where R^^ and R^o a hydrogen atom at the same time is not included), 
20 R17 and R^^ are the same or diffei^ent, and are a hydrogen atom or a 
hydrophobic group (provided that the case where R^'^ and R^® are a 
hydrogen atom at the same time is not included), and Xi to X^ are the 
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same or different, amd are an alkoxy group represented by 0(CH2)mCH3 
(m= 0 to 9) or a halogen atom) 

The above compound may. be substituted with the known 
substituent such as an allcyl group, an alkoxy group, an aryl group, an 
amino group and the like, or a halogen atom. 



10 



15 



(Construction of organic Tl^) 

The organic TFT of the present invention has a functional organic 
thin film compiising the organic silane compound as a semiconductor 
layer. Among it, the functional organic thin film derived from a 
compound having the acene skeleton can be repi-esented by the following 
formula (I)". 



Rl 



.R3 



wherein n is 0 to 10, at least one of Ri and R2 constitutes a network 
constructed of the following siloxane bond: 



-o — Si— 

I 

o 



and is bound to a substrate via a siloxane bond (provided that the case 
where and R2 are a hydrogen atom at the same time is not included), 
and R3 and R"» are a hydi-ophobic group, or a hydrophobic group and a 
20 hydrogen atom) 

The number of benzene rings constituting the acene skeleton of 
the formula (I)" is 2 to 12. Particularly, in view of the number of steps of 
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synthesis and a yield of a product, naphthalene, anthracene, tetracene, 
pentacene, hexacene, heptacene, octacene, and nonacene having the 

number of benzene rings of 2 to 9 are particularly preferable, hi addition, 

} 

in the formula (F), a molecule in which benzene i4ngs are linearly fused is 
nominally shown, but a molecule in which benzene rings are fused 
non-linearly such as phenanthrene, chrysene, picene, pentaphene, 
hexapheiie, heptaphene, benzanthracene, dibenzophenanthrene, 
anthranaphthacene and the like is included in the acene skeleton of the 
formula 

In the functional organic thin film of the present invention, the 
organic group is bound to the substrate via the siloxane bond (-Si-O-). 
Specifically, as shown in Fig. 4, in the thin film, the network 22 
consti^cted of a silicon atom and an oxygen atom is bound to a substrate 
21, and the acene skeleton (organic group) 23 is bound to the netwoi-k 22. 
Like this, the thin film using the organic silane compound of the present 
invention has the aforementioned netwoi^k constructed of the silicon 
atom and the oxygen atom, and has the acene skeleton having high 
intermolecular interaction (van der Waals interaction) at its upper part. 
For this reason, by interaction between the network and the acene 
skeleton, the thin film having high orientating property is obtained. In 
addition, high electrical conductivity through the acene skeleton can be 
realized, because a distance between adjacent acene skeletons is retained 
small, when the thin film is formed as described above. Moreover, 
adjacent acene skeletons have no bond. Therefor, it is possible to 
suppress electrical conductivity in the normal state low, and retain high 
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electrical conductivity only when a light-excited or electiic field-excited 
carrier is injected into this thin film. 

The thin film, when it is the functional organic thin film in which 
one acene skeleton shown in Fig. 5 is bound to the substrate with two 
5 siloxane bonds, can afford the great effect (high orienting property, and 
high electrical conductivity). That is, by the functional organic thin film 
binding to tlie substrate at two places, the acene skeleton becomes 
vertical to the substrate surface. Electrical conductivity of the thin film 
is increased, because electrical conductivity of the thin film depends on a 

10 magnitude of tt-tc interaction between adjacent acene skeletons, as the 
acene skeleton is nearer vertical to the substrate. Therefore, this 
functional organic thin film has particularly great electrical conductivity. 
For this reason, this functional organic thin film can be suitably used in a 
device such as a solar cell, a fuel cell, a sensor and the like in addition to 

15 the organic thin film transistor, as an electrically conductive material. 

An outline view of the functional organic thin film in which one 
acene skeleton is bound to the substrate with two siloxane bonds like this 
is shown in Fig. 5 and Fig. 6. Fig. 6 is a view in which Fig. 5 is seen from 
ano ther angle. By making the binding part of the functional organic thin 

20 film of the present invention with the substrate two places like Fig. 5 and 
Fig. 6, the acene skeleton can be vertical to the substrate. For this 
reason, by enhancement of 7c-7i interaction between adjacent organic 
groups, the thin film having great electrical conductivity which can be 
suitably used in the device can be formed. 

25 In the above explanation of the thin film, the lunctional organic 
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thin film having the acene skeleton, the explanations is also true in the 
case of the functional organic thin lilm having an acenenaphthene 
skeleton, a perylene skeleton and a fused polycyclic hydrocarbon 
skeleton other than these skeletons. 
5 Herein; examples of the substrate on v^hich tlie thin film is formed 

include a monolayer and a laminated layer of semiconductors such as an 
element semiconductor such as silicon, germanium and the like, and a 
compound semiconductor such as GaAs, InGaAs, ZnSe and tlie like; a 
so-called SOI substrate, a multilayer SOI substrate, a. SOS substrate and 

10 the like; mica; glass, quartz glass; insulating bodies such as a polymer 
film of polyimide, PET, PEN, PES, Teflon (registered trade mark) and the 
like; stainless steel (SUS); metals such as gold, platinum, silver, copper, 
aluminum and the like; high melting point metals such as titanium, 
tantalum, tungsten and the like; silicide, polycide etc. with the high 

15 melting point metal; insulating bodies such as a silicon oxide film 

(thermally oxidized film, low temperature oxidized film: high temperature 
oxidized film such as LTO film etc.: HTO film), silicon nitride film, SOG 
film, PSG film, BSG film, BPSC film and the like; PZT, PLZT, ferroelectric 
or antiferromagnetic; low dielectrics such as SiOF-based film, 

20 SiOC-based film or CF-based film, HSQ (hydrogen silsesquioxane)-based 
film (inorganic type) formed by coating, MSQ (methyl 
silsesquioxane)-based film, PAE (polyarylene ether)-based film, 
BCB-based film, porous-film or CF-based film, or a porous film and the 
like. 

25 Further, in view of that more organic groups are oriented on 

90 



substrate, among these substrates, the silicon substi^ate, the quartz 
substrate, and the mica substrate which are the substrate in which 
active hydrogen of a hydroxyl group, a carboxyl group or the Uke can be 
protruded on a surfece, or a substrate in which active hydrogen can be 
protruded by hydrophilization treatment are particularly preferable. In 
addition, hydrophilization can be performed, for example, by immersing 
in a mixed solution of hydrogen peroxide and concentrated sulfuric acid. 

A construction of the organic thin film transistor of the present 
invention provided with the aforementioned functional organic thin film 
will be explained below more specifically. 

A construction of the organic TFF of the present invention will be 
described. In the organic TFT of the present invention, the 
aforementioned functional organic thin film is used. The organic TFT of 
the present invention comprises, for example, the functional organic thin 
film formed directly or indirectly on the substrate, a gate electrode formed 
indirect^ or directly on the substrate, a source electrode^a drain 
electrode formed, on one surface side or other surface side of the 
functional organic thin film, and a gate insulating film formed between 
the gate electrode and the source electrode 'drain electrode. TFT can 
take various forms of a stagger- type, a reverse stagger- type or 
modification of them. 

For example, in the case of the stagger-type, examples include a 
form in which an organic semiconductor layer comprising the functional 
organic thin film is formed on the substrate, the gate electrode is 
ai'ranged thereon via the gate insulating film, and source /drain 
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electrodes separated Irom the gate electrode and contact with the organic 
semiconductor layer is arranged on both sides of the gate electrode. 
Alternatively, this may be a form of the reverse staggei^-type in which the 
gate electrode is formed on the substrate, the organic semiconductor 
5 layer is formed on the gate electrode via the gate insulating film, and 

source/ drain electrodes contacting with the organic semiconductor layer 
is arranged on die organic semiconductor layer so as not to overlap witli 
the gate electrode. 

One example of a reverse stagger-type organic TFf is shown in Fig. 

10 7. Fig. 7 is such that the organic semiconductor layer 29 comprising the 
functional organic thin film is provided on an upper part of the substrate 
24 via the electr-ode 25, and the source electrode. 27 and the dizain 
electrode 28 are provided on both sides thereof. In the figure, 30 means 
the network constructed of the silicon atom and the oxygen atom, 31 

15 means the oi^ganic group, and 32 means the linear hydrocarbon group. 

In addition, examples of the gate electrode and the source/ drain 
electrode include a layer usually compi^ising an electrical conductive 
material used in TFT or the like. Examples include a monolayer and a 
laminated layer of metals such as gold, platinum, silver, copper, 

20 aluminum and the like; a high melting point metals svich as titanium, 
tantalum, tungsten and the like; silicide, polycide etc. with the high 
melting point metal. Theixupon, a film thickness is not particularly 
limited, but can be appropriately adjusted to a film thickness usually 
used in a transistor. 

25 Examples of the gate insulating filin include a film comprising an 
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insulating material usually used in TFT. Examples include a silicon 
oxide film, a silicon nitride film and the like. 

The organic TFF of the present invention can be widely applied, for 
example, as a semiconductor device such as a memory, a logic element 
and a logic circuit, to various utilities, for examples, electronic 
equipments such as data px-ocessing system of personal computer, note, 
laptop, personal^assistant/ transmitter, minicomputer, v^^ork station, 
main frame, multiprocessor* computer or other all- type computer 
systems; electronic parts constituting a data processing system such as 
CPU, memorj^ data memorizing device and the like; communicating 
equipments such as telephone, PHS, modem, router and the like; image 
displaying equipments such as display panel, projector and the like; 
office equipments such as pi'inter, scanner, copying machine and the 
like; sensor; photographing equipments such as video camera, digital 
camei^a; leisure equipments such as game machine, music player and the 
like; information equipments such as potable information terminal, clock, 
electronic dictionary and the like; automobile-carrying equipments such 
as car navigation system, car audio and the like; AV equipments for 
recording or reproducing information such as moving image, static image, 
music and the like; electronic appliances such as washing machine, 
microwave oven, refrigerator, rice cooker, dish washer, cleaner, air 
conditioner and the like; health administering equipments such as 
massage equipments, weigh device, tonometer and the like; potable-type 
receding devices such as IC card, memory card and the like. 

A process for manulacturing organic TFT include, for example, 
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following four steps. That is, they are (A) a step of forming the functional 
organic thin film directly or indirectly on the substrate, (B) a step of 
forming the gate electrode indirectlj'^ or directly on the substrate, (C) a 
step of forming the source electrode/ the drain electrode on one sui^face 
5 side or other surface side of the functional organic thin fihn, and (D) a 
step of forming the gate insulating film between the gate electrode and the 
source electi^ode^drain electrode. Herein, the step (A) is a step including 
a second step of binding the organic silane, compound comprising the 
nelecti^on conjugation system molecule having the hydrophobic group on 
10 the substrate via a net-like structure formed of the silicon atom and the 
oxygen atom. The steps (A), (B), (C) and (D) are not limited to this order, 
but an order of steps can be freely changed depending on a transistor 
structure of an intended form. 

15 (Process for manufacturing functional organic thin film constituting 
organic TFT^) 

Subsequently, a process for manufacturing the functional organic 
thin film of the present invention will be described. The functional film 
of the present invention can be formed by the known method such as a 

20 vacuum deposition method, a molecular beam deposition method, and a 
coating method such as a dipping method (chemical binding method), a 
LB method, a spin coating method, a casting method, a bar coating 
method, a roll coating method and the like of a solution dissolved in £i 
solvent. As one example of the manufacturing process, a process for 

25 manufacturing the functional organic thin film of the present invention 
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by the chemical binding method and the LB metlaod will be shown below. 
The chemical binding method can be per-formed as follows. 
First, the organic silane compound is dissolved in a non-aqueous 
method such as a hexane, chloroform, carbon tetrachloride and the like. 
5 In the i-esulting solution, the substrate on which the thin film is to be 
formed (preferably the substrate having active hydrogen of a hydroxy 1 
group, a carboxyl group etc.) is immersed, and pulled out therefrom. 
Alternatively, tlie resulting solution may be coated on a substrate surface. 
Thereafter, this is washed with the non-aqueous solvent, washed with 

10 water, and dried by allowing to stand or heating, to fix the thin film. This 
thin film may be used directly as an electric material, or may be used by 
further subjecting to treatment such as electrolysis polymerization and 
the like. By using this material, the thin film in which the network of 
Si-O-Si is formed, a distance between adjacent organic groups is small, 

15 and the material is a highly ordered (ciy stallized) , is obtained. In 

addition, when the organic group is linear, a distance between adjacent 
organic groups can be further decreased, because adjacent organic 
groups are not bound. As a result, a more highly crystallized thin film 
can be obtained. 

20 Alternatively, the organic silane compound of the present 

invention can be also made into the thin film, for example, using a LB 
method. Herein, the LB method is a method of forming the thin film by 
forming the thin film {L film) on an aciueous solution surface by spreading 
a non-aqueous solution containing a material on the aqueous solution 

25 surface, and transferring the thin film onto the substrate. 



First, the organic silane compound of the present invention is 
dissolved in the non-aqueous solvent such as hexane, chloroform, carbon 
tetrachloride and the like. The organic silane compound, w^hen a 
hydrophobic group is bound to the organic gi'oup, has higher solubility in 
5 the non-aqueous solvent. As a result, the compound can be relatively 
easily dissolved in the non-aqueous solvent. Subsequently, the 
resulting non-aqueous solution is added to the aqueous solution surface. 
This organic silane compound has the hydrophobic group (silyl group) 
and the hydrophobic group, when spread on a water surface. Therefore, 

10 the compound can be oriented with the hydrophilic group towards the 
water surface. In addition, by intermolecular interaction between 
adjacent compounds, the thin film comprising the organic silane 
compound can be made to have particularly high oi^enting property on 
the water surface. Thereafter, tlie thin film can be formed by pulling up 

15 the substrate while a surface pressured is applied to the water surface. 

Herein, the organic silane compound has at least one silyl group 
for forming the siloxane bond. For example, in the foriTiula (1)', the silyl 
group is formed at a position of and/ or R2. 

In addition, usually, many compounds containing the oi^ganic 

20 group derived from the fused polycyclic hydrocarbon compound exhibit 
hard solubility even in the iion-aqueous solvent. To the contrary, the 
thin iilm can be foi^med by a solution process, because the organic silane 
compound, when it contains the hydrophobic group at an end, can 
enhance solubility in the non-aqueous solvent. In addition, surface. 

25 • activity of a whole compound is improved, because it contains the silyl 



group as the hydrophilic group. Therefore, when the thin fihn 
comprising the organic silane compound of the present invention is 
formed on a hydrophilic substrate, by interaction between the silyl group 
and tlie substrate, all molecules are aligned in the same direction, and 
5 are effectively adsorbed onto the substrate. For this reason, shortening 
of a reaction time and orienting property of thC'thin film can be impi^oved. 

Examples 

The present invention will be explained in detail below by way of 
10 Examples, but the present invention is not limited to following Examples. 

Example 1; Synthesis of organic silane compound represented by the 
structural formula (A) 

First, lOOmM NBS and AIBS were added to a carbon tetrachloride 

15 solution containing 50mM 2-bromonaphthalene (CAS no. 90- 11-9), and 
this was reacted at 60°C for 2 hours under the N2 atmosphere to 
synthesize 2,6-dibromonaphthalene. Subsequently, 40mM 
2-bromonaphthalene was dissolved in THF, a metal magnesium was 
added, diis was reacted at eO'^C for 1 hour under the N2 atmosphere to 

20 synthesize a Grignard reagent, the Grignard reagent was added to the 
THF solution containing 20mM 2,6-dibromonaphthalene, and this was 
reacted at 20°C for 9 hours to synthesize [2,2';6',2"]ternaphthalene. 
Thereafter, 20mM NBS and AIBM were added to a carbon tetrachloride 
solution containing lOmM [2,2';6',2"]ternaphthalene, this was reacted at 

25 60°C for 2 hours under the N2 atmosphere to form 
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6-bromo-[2,2';6',2"]ternaphthalene, a metal magnesium was added, this 
was reacted at 60°C for 1 hour under the N2 atmosphere to synthesize a 
Grignard reagent, lOmM of chlorotriethoxysilane was further added, and 
this was reacted at 60°C for 2 hours to obtain the title compound at a 
yield of 40%. 

Regarding the resulting compound, an infrared adsorption 
spectrum was measured, absorption derived from SiC was observed at 
1 090cm- 1, and it was confirmed that the compound has a SiC bond. 

Further, nuclear magnetic resonance (NMR) of the compound was 
measured. 

7.9 ppm (m) (4H aromatic) 

7.6 ppm (m) (8H ai'omadc) 

7.5 ppm (m) (4H aromatic) 
7.3 ppm (m) (3H aromatic) 

7.6 ppm (m6) (6H ethoxy group, methylene group) 
1.5 ppm (m) (9H ethoxy group, methyl group) 

Fi^om this result, it was confirmed that the resulting compound is 
a compound shown by the structural formula (A). 
Preparation Example 1 ; Synthesis of 2-bromopentacene 

2-Bromopentacene to be used in Example 2 was synthesized by 
the following procedure. First, lOOmM pentacene and NBS dissolved in 
50mL of carbon tetrachloride were added to a lOOml egg plant flask 
equipped with a stirrer, a refluxing condenser, a thermometer, and an 
addition funnel, the mixture was reacted for 1,5 hours in the presence of 
AIBN. Unreacted materials and HBr were removed by filtration, and an 
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accumulated material in which only one place was brominated was taken 
out using column chromatography to obtain the title 2-bromopentacene. 
Example 2; Synthesis of organic silane compound represented by the 
structural ioi^mula (B) 

First, 50mM 2,7-dibromofluorene (CASNO. 16433-88-8) was 
dissolved in a THF solution, a metal magnesium was added, and this was 
reacted at 60°C for 8 hours to form the following Grignard reagent 1. 

( 1 ) 

Subsequently, the Grignard reagent 1 was added to a THF 
10 solution containing 25mM 2-bromopentacene fomned in Preparation 

Example 1, and this was reacted at 20°C for 2 hours to form the following 
Grignard reagent 2. 

(2) 

Further, 25mM 2-bromofluorene (CASNO.l 133-80-8) was added, 
15 and this was reacted at.20°C for 3 hours to synthesize 

7-pentacene-2-yl-9H,9TI-[2,2']biiluorenyL Thereafter, a metal 
magnesium was added, this was reacted at 60°C for 1 hour under the N2 
atmosphere to synthesize the following Grignard reagent 3 and, further, 
lOmM chlorotrimethoxy silane was added, and this was reacted at 60°C 
20 for 2 hours to obtain the title compound at a yield of 25%. 





MgBr 



(3) 



Regarding the resulting compound, an infrared absorption 
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spectrum was measured, absorption derived from SiC was observed at 
1 080cm" 1, and it was confirmed tha.t the compound has a SiC bond. 

Fuither, nuclear magnetic resonance (NMR) of the compound was 
measured. 

8.2 ppm (m) (2H pentacene) 

8.0 ppm (m) (2H pentacene) 

7.9 ppm (m) (9I-I pentacene and fluorene) 

7.8 ppm (m) (4H pentacene and fluoi^ene) 
7.6 ppm (m) (5H pentacene and fluorene) 
7.4 ppm (m) (3H pentacene and fluorene) 

3.9 ppm (rri) {4H fluorene) 

3.6 ppm (m) (9H methoxy group, methyl group) 
From this result, it was confirmed that the resulting compound is 
a compound shown by the structural formula (B). 

Example 3; Synthesis of organic silane compound represented by the 
stmctural formula (C) 

First, 50mM 2,6-dibromonaphdialene which is an intermediate of 
Example 1 was dissolved in a THF solution, a metal magnesium was 
added, and this was i^eacted at 60°C for 8 hours to foi'm the following 



Grignard reagent. 




On the other hand, lOOmM of MBS and AIBN were added to a 
carbon tetrachloride solution containing 50mM benzo[k]fluoranthene 
(CASNO. 207-08-9), this was reacted at 60°C for 2 hours under the N2 , 
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atmosphere, unreacted materials were removed by filtration, and by- 
using column chromatography, an accumulated material in which only 
one place was brominated was taken out to synthesize 
2-bromo-benzo[k]fluoranthene. Subsequently, 20mM 
5 2-bromo--benzo[k]fluoranthene was added to a THF solution containing 
20mM Grignard reagent, and this was reacted at 20°C for 4 hours to 
synthesize 2-(6-bromo-naphthalen-2-yl)-benzo[k]fluoranthene. Further, 
a metal magnesium was added to a carbon tetrachloride solution 
containing lOmM 2-(6-bromo-naphthalen-2-yl)-benzo[k]fluoranthene, 
1.0 this was reacted at GO^'C for 1 hour, a Grignard reagent 2 was synthesized, 
' lOmM chlorotrimethoxysilane was added as in Example 2, and this was 
reacted at 60^*0 for 2 hours to obtain the title compound at a yield of 30%. 

Regarding the resulting compound, an infrared absorption 
specti^um was measured, absorption derived from SiC was observed at 
15 1 080cm- ^ and it was confirmed that the compound has a SiC bond. 

Further, nuclear magnetic resonance (NMR) of the compound was 
measured. 

8.1 ppm (m) (IH benzofluoranthene) 
8.0 ppm (m) (IH benzofluoranthene) 
20 7.9 ppm (m) (2H benzofluoranthene and naphthalene) 

7.8 ppm (m) (IH benzofluoranthene) 
7.7 ppm (m) (7H benzofluoranthene and naphthalene) 
7.6 ppm (m) (IH benzofluoranthene) 
7.5 ppm (m) (IHnaphthalene) 
25 7.3 ppm (m) (3H benzofluoranthene and naphthalene) 
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3.6 ppm (m) (9H methoxy group, methyl group) 
From this result, it was confirmed that the resulting compound is 
a compound shown by the structural formula (C). 

Example 4; Synthesis of organic silane compound represented by the 
5 structural formula (D) 

First, 50mM NBS and AIBN were added to a carbon tetrachloride 
solution containing 50mM 1-bromopyrene (CASNO. 1714-29-0), and this 
was reacted at GO^'C for 2 hours under the N2 atmosphere to synthesize 
1,6-dibromopyrene. Subsequently, a metal magnesium was added to a 

10 THF solution containing lOOmM 1-bromonaphthalene, and this was 

reacted at 60°C for 2 hours to form a Grignard reagent. Further, 25mM 
1,6-dibromopyrene was added to a THF solution containing 50mM 
Grignard reagent, and this was reacted at 20°C for 4 hours to synthesize 
l,6-di-naphthalen-2-yl-pyrene. Thereafter, 50mM NBS and AIBN were 

15 added to a carbon tetrachloride solution containing 20mM 

l,6-di-naphthalen-2-yl-pyr'ene, this was reacted at 60°C for 2 hours 
under the N2 atmosphere to brominate this, a metal magnesiuin was 
added to a carbon tetrachloride solution containing lOmM brominated 
material, and this was reacted at 60°C for 1 hour to synthesize a Grignard 

20 reagent. Thereafter, lOmM chlorotriethoxysilane was added as in 

Example 1, and this was reacted at 60°C for 2 hours to obtain of the title 
compound at a yield of 25%. 

Regarding the resulting compound, an infrared absorption 
spectrum was measured, absorption derived from SiC was observed at 

25 lOSOcm-i, and it was confirmed that the compound has a SiC bond. 



Further, nuclear magnetic resonance (NMR) of the compound was 
measured. 

8.2 ppm (m) (IH pyrene) 
.8.0 ppm (m) (2H pyrene) 

7,9 ppm (m) (3H pyrene and naphthalene) 
7.7 ppm (m) (lOH pyrene and naphthalene) 

7.5 ppm (m) (2H naphthalene) 

7.3 ppm (m) (3H naphthalene)^ 

3.6 ppm (m) (6H ethoxy group, methylene group) 
1.5 ppm (m) (9H ethoxy group, methyl group) 

From this i-esult, it was confirmed that the resulting compound is 
a compound represented by the structural formula (D) 
Example 5; Synthesis of organic silane compound represented by the 
structural formula (E) 

First, a metal magnesium was added to a THF solution containing 
20mM 6-bromo-[2,2';6',2"]ternaphthalene which is an intermediate of 
Example 1, and this was reacted at 60°C for 1 hour under the N2 
atmosphere to form a Grignard reagent. Subsequently, 20mM Grignard 
reagent was added to a THF solution containing 20mM 
6-bromo-[2,2';6\2"]ternaphthalene, and this was reacted at 20°C for 3 
hours to synthesize the following intermediate. 




Further, 20mM NBS and AlBN were added to a carbon 
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tetrachloride solution containing lOmM intermediate, this was reacted at 
60°C for 2 hours under the N2 atmosphere to synthesize a compound in 
which an end was brominated, a metal magnesium was further added, 
this was reacted at 60°C for 1 hour to synthesize a Grignard reagent, 
lOmM tetrachlorosilane was added, and this was reacted at 60°C for 2 
hours to obtain the title compound at a yield of 25%. 

Regarding the resulting compound, an infrared absorption 
spectrum was measured, absorption derived from SiC was observed at 
1095cm-i, and it was confirmed that the compound has a SiC bond. 

Further, nuclear magnetic resonance (MNR) of the compound was 
measured. Direct measurement of NMR of the resulting compound is 
impossible due to high reactivity of the compound. Therefor, the 
compound was reacted widi ethanol (generation of hydrogen chloride was 
confirmed) to convert chlorine at an end into an ethoxy group, followed by 
measurement. 

7.9 ppm (m) (lOH aromatic) 

7.7 ppm-(m) (14H aromatic) 

7.5 ppm (m) (lOH aromatic) 

7.3 ppm (m) (3H aromatic) 

3.7 ppm (m) (6H ethoxy group, methylene group) 

1.4 ppm (m) (9H ethoxy group, methyl group) 

From this result, it was confirmed diat the resulting compound is 
a compound represented by the structural fox-mula (E). 
Example 6; Synthesis of organic silane compound represented by the 
structural foi-mula (F) 
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First, lOOmM NBS and AIBN were added to a carbon tetrachloride 
solution containing 50mM 1-benzanthracene (CASNO. 56-55-3), and this 
was reacted at 60°C for 2 hours under the N2 atmosphere to synthesize 
3-bromo-benz[a]anthracene. Subsequently, a metal magnesium was 
5 added to a THF solution containing 20mM 3-bromo-benzo[a]anthracene, 
and this was reacted at 65°C for 2 hours to synthesize a Grignard reagent. 
In addition, lOOmM NBS and AIBN were added to a carbon tetrachloride 
solution containing 50mM phenanthrene (CASNO. 85-0 1-8), and this was 
reacted at 60°C for 3 hours under the N2 atmosphere to synthesize 

10 2,7-dibromo-phenanthrene. Subsequently, 5mM Grignard reagent was 
added to a THF solution containing 5mM 2,7-dibromo-phenanthorene, 
and this was reacted at 60°C for 2 hours to synthesize 
3-{7-bromo-phenantlieren-2-yl)-benzo[a]anthracene. Further, lOmM 
NBS and AIBN were added to a carbon tetrachloride solution containing 

15 ImM 3-(7-bromo-phenanthren-2-yl)-banzo[a]anthracene, this was 

reacted at 60°C for 2 hours under the N2 atmosphere, a metal magnesium 
was added, this was reacted at 60°C for 1 hour to synthesize a Grignard 
reagent, 2mM chlorotrimethoxysilane was added, and this was i-eacted at 
60°C for 2 hours to obtain the tide compound at a yield of 10%. 

20 Regarding the resulting compound, an infrai*ed absorption 

spectrum was measured, absorption derived from SiC was observed at 
1075cm-i, and it was confirmed that the compound has a SiC bond. 

Further, a nuclear magnetic resonance (NMR) of the compound 
was measured. 

25 8.5 ppm (m) (3H aromatic) 
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8.3 ppm (m) (4H aromatic) 

8.1 ppm (m) (3H aromatic) 

7.9 ppm (m) (4H aromatic) 

7.7 ppm (m) (2H aromatic) 
5 . 7.4 ppm (m) (3H aromatic) 

3.7 ppm (m) {9H methoxy group, methyl group) 

From this result, it was confii'med that the resulting compound is 
a compound represented by the structural formula (F). 
Preparation Example 2 
10 2,3,6,7-Tetra(trimethylsilyl)naphthalene to be used in Example 7 

and Example 9 was synthesized by the following method according to a 
first reaction formula of Route A4 or Route A5. 

More specifically, first, 0.4M magnesium, lOOmL of HMPT 
(hexamethyl phosphorus ti'iamide), 20mL THF, 12 (catalyst), and O.IM 
15 1,2,4, 5-tetrachlorobenzene (e.g. which can be purchased from KISHIDA 
CHEMICAL Co., Ltd. at a purity of 99%) were added to a 200ml glass flask 
equipped with a stirrer, a refluxing condenser, a thermometer, and an 
addition funnel, 0.4M chlorotrimethylsilane was added dropwise at a 
temperature of 80°C, and this was stiri'ed for 30 minutes, and refluxed at 
20 130°C for 4 days to synthesize 1,2,4, 5-tetra(trimethylsilyl)benzene. 

Subsequently, 20mM i-Pr2NH, 50mM pHI(OAc)2[(diacetoxyiodo)benzene], 
and 50mL of dichloi-omethane were added to a 200mL egg plant flask, 
50mM CF3CO2H (TfOH) was added dropwise at 0°C, and this was stirred 
for 2 hours. Subsequently, lOmL of a dichlorome thane solution 
25 containing 50mM l,2,4,5-tetra(trimethoxysilyl)benzene was added 
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dropwise at 0°C, and this was stirred at room temperature for 2 hours to 
synthesize phenyl[2 , 4 , 5 - tris ( ti^ime thy Isily 1) phenyl] iodonium triflate . 
Further, subsequently, a THF solution of 2.0M Bu^NF was charged into a 
50mL egg plant flask, lOmL of a dichloromethane solution containing 
5 5mM phenyl[2,4,5-tris{trimethylsilyl)phenyl]iodonium triflate and lOmM 
3,4-di(trimethylsilyl)furan was added dropwise at 0°C, and this was 
stiri-ed for 30- minutes to pi^ogress the reaction. After completion of the 
reaction, extraction was performed with dichloromethane and water, and 
the extract was purified by column chromatography to synthesize a 

10 l,4-dihydro-l,4-epoxynaphthalene derivative. Thereafter, the 

l,4-dihydro-l,4-epoxynaphthalene derivative, and lOmL of a THF 
solution containiiig ImM lithium iodide and lOmM DBU 
(l,8-diazabicyclo[5.4.0]undec"7-ene) were charged into a 50ml glass flask 
equipped with a stirrer, a reflxixing condenser, a thermometer, and an 

15 addition funnel, ImM l,4-dihydro-l,4-epoxynaphthalene derivative was 
added, and this was refluxed for 3 hours under the nitrogen atmosphere 
to pi-ogress a reaction. After completion of the reaction, extraction and 
removal of water with MgS04 were performed to synthesize the title 
2,3,6,7- te tra(trime thy 1 sily 1) naphthalene . 

20 Example 7 

Synthesis of 3-triethoxysilyl-6,8,9,l 1-tetra-t-butyltetracene 
3-Triethoxysilyl-6,8,9, 1 1-tetra-t-butyltetracene was synthesized 
by synthesizing 2,3,7,8-tetra(trimethylsilyl)-6,9-{tert-butyl)-anthracene 
according to RouteA4, then, depro tec ting a trimethylsilyl group with 

25 - quaternary ammonium according to RouteC2, and reacting this with a 
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silane compound. 

More specifically, the compound was synthesized according to the 
following procedure. First, 2,3,6,7-tetra{trimethylsilyl)naphthalene 
synthesized in Preparation Example 2 was used as a starting raw 
5 material, and 2,3,7,8-tetra(trimethylsilyl)-6,9-(tert-butyl)-anthracene 
was synthesized according to the same procedure as the procedure for 
sy nthe sizing 2,3,6,7- te tra(trime thylsilyl) naphthalene from 
1,2, 4, 5-tetra(trimethylsilyl) benzene of Preparation Example 2 except that 
2,5-(tert-butyl)-3,4-di(trimethylsilyl)furan was used in place of 

10 3,4-di(trimethylsilyl)furan as a synthesizing procedure. Further, 

2,3-di(trimethylsilyl)-6,8,9,l l-tetra(tert-butyl)tetracene was represented 
by the following structural formula was synthesized by applying the same 
procedure as the procedure for synthesizing 
2,3,7,8- te tra(trimethy Isily 1) -6,9- ( tert-butyl) -anthracene from 

15 2,3,6,7-tetra(trimethylsilyl)naphathalene of the present Example except 
that 3,4-"(tert-butyl)furan was used in place of 
2,5-(tert-butyl)-3,4-di(trimethylsilyl)furan. 



20 2,3-di(trimethylsilyl)-6,8,9, 1 l-tetra(tert-butyl)tetracene was dissolved in 
aTHF solvent containing a small amount of water and PhNMeaF, and this 
was stirred to synthesize 6,8,9, ll-tetra(tert-butyl)tetracene. Further, 
under the nitrogen atmosphere, 5ml of diy THF, 5mM 



t-Bu 




Subsequently, ImM 
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6,8,9,1 l-tetra(tert- butyl) tetracene, and magnesium were added to a^ 
200ml egg plant flask, this was stirred for 1 hour to form a Grignard 
reagent, 5mM chlorotriethoxysilane and 30ml of THF were charged into a 
100ml egg plant flask equipped with a stirrer, a re fluxing condenser, a 
5 thermometer and an addition funnel, this was ice-cooled, the Grignard 
reagent was added, and this was aged at 30°C for 1 hour. Then, the 
reaction solution was filtered under reduced pressure, magnesium 
chloride was removed, and THF and unreacted chlorotriethoxysilane 
were stripped from the iiltrate to obtain the title compound at a yield of 
10 15%. 

Regarding the resulting compound, infrared absorption was 
measured, and absorption of Si-O-C was seen at a wavelength of . 
lOSScm-i. From this, it was confirmed that the resulting compound 
contains a silyl group. An ultraviolet-visible absorption spectrum of a 
15 chloroform solution containing the compound was measured, and 

absorption was observed at a wavelength of 493nm. This absorption 
was based on k^ti* transition of a tetracene skeleton contained in the 
molecule, and it was confirmed that the compound contains a tetracene 
skeleton. 

20 Further, nuclear magnetic resonance (NMR) of the compound was 

measured. 

8.0 ppm to 7.3 ppm (m) (7H; derived from tetracene skeleton) 
(3.9 ppm to 3.7 ppm) (m) (6H; derived from ethyl group of silyl group) 
(1.6 ppm to 1.1 ppm) (m) (45H; derived from t- butyl group and methyl 
25 group of silyl group) 
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From these result, it was confirmed that this compound is 
3-triethoxysilyl-6,8,9, 1 1-tetra-t-butyltetracene. 
Example 8 

Synthesis of 3-di-t-butylmethxysilyl-9-diphenylmethylpentacene 
5 and formation of organic thin film using the compound 

3-Di-t"butylmethoxysilyl-9-diphentylmethylpentacene was 
synthesized by a procedure of Route D2. That is, 
9-diphenylmethylpentacene was synthesized by reacting 
chlorocliphenylmethane and an equivalent amount of magnesium to foi-m 

10 a Grignard reagent and gradually adding the Grignard reagent to 

nitrobenzene containing bromopentacene. Subsequently, NBS was 
used to form 3-bromo-9-diphenylmethylpentacene, and this was reacted 
with H-Si(C(CH3)3)20CH3 dissolved in nitrobenzene to synthesize 
3-di-t-butylmethoxysilyl-9-diphenylmethylpentacene. 

15 More particularly, first, magnesium was added to, for example, a 

chloroform solution containing a prescribed amount of 
chlorodiphenylmethane to form a Grignard reagent. Subsequently, a 
chloroform solution of 9-bi-omopentacene was slowly added to form 
9-diphenylmethylpentacene. Subsequently, for example, NBS was used 

20 to bi-ominate the 9-diphenylmethylpentacene, and a compound in which 
positions other than a 3-position were brominated was removed by 
extraction, to obtam 3-bromo-9-cliphenylmethylpentacene. Further, 
chlorocli(tert-butyl)methoxysilane was dissolved in chloroform, and the 
solution was added to a chloroform solution containing the 

25 3-bromo-9-diphenylmethylpentacene to react, to synthesize the title 



compound (yield 10%). 

Regarding the resulting compound, infrared absorption was 
measured, and absorption of Si-O-C was seen at a wavelength of 
1 020cm- 1. An ultraviolet visible absorption spectrum of a chloroform 
5 solution containing the compound was measured, and absorption was 
observed at a wavelengths of 605nm. 

Further, nuclear magnetic resonance (NMR) of the compound was 
measured. 

(8.4 ppm to 8.2 ppm) (m) (2H: derived from pentacene skeleton) 
10 (7.9 ppm to 7.5 ppm) (m) (2 OH: derived from pentacene skeleton and 
benzene i^ing of dially alkyl group) 

(5.4 ppm to 5.3 ppm) (m) (IH: derived from ethyl group of diphenylethyl 
group) 

(3.6 ppm to 3.5 ppm) (m) (3H: derived from methyl group of silyl group) 
15 (1.5 ppm to 1.2 ppm) (m) (18H: derived from t-Bu group of silyl group) 
From these results, it was confirmed that this compound is 
3-di-t-butylmethoxysilyl-9-dimethylphenylpentacene. 

Subsequently, formation of the organic thin film of the compound 
using a LB metiiod is described. First, 
20 3-di-t-butylmedioxysilyl-9-diphenylmeti'iylpentacene was dissolved in a 
chloroform solvent, to make a 2mM sample solution. Subsequently, a 
prescribed amount (lOO^il) of a sample solution was added to a water 
surface in a trough, to form a monomolecular film (L film) of the 
compound. In tiiis state, a pressure was applied to a water surface to 
25 adjust to a prescribed surface pressui-e (SOmN/cm^), and a substi;ate was 



pulled up at a constant rate to form a LB film. 

Result of absorption measurement of the formed 
3-di-t-butylmethoxysilyl-9-diphenylmethylpentacene organic thin film 
was confirmed that a pentacene skeleton is contained in the formed 
5 organic thin film, because it was consistent with absorption 
measurement of the compound. In addition, by ellipsometry 
measurement and AFM measureinent, it was confirmed that a film 
thickness is average of about 2.0nm. A molecular length of 
3-di-t-butylmethoxysilyl-9-diphenylmethylpentacene is 2.3nm. 

10 Therefor, it was confirmed that the formed organic thin film is a 

monomolecular layer, and has a tilt structure. In addition, it was 
confirmed by AFM measurement that a periodic component was not seen 
in the formed organic thin film. From this, it was confirmed that 
molecules are randomly oriented in the organic thin film. 

15 Example 9 

Synthesis of 

2,3-di(cli-t-butylmethoxysilyl)-6,8,ll,13-tetra{N,N-diphenylamino)pentac 
ene and fornlation of organic thin film using the compound 

2,3-Di(di-t-butylmethoxysilyl)-6,8, 11, 13-tetra(N,N-diphenylamin 
20 o)pentacene was synthesized by the following procedure. First, 

1,2,4,5-tetrachlorobenzene was used as a starting raw material to 

synthesize the following intermediate according to the Route A5. 

N (Ph) 2 N (Ph) 2 

N (P\'\) 2 N (Pli) 2 
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Then, according to the Route C3, a trimethylsilyl group was 
deprotected with quaternaiy ammonium, and this was synthesized with a 
silane compound to form 

2,3-di(di-t-butylmethoxylsilyl)-6,8, 1 1 , 13-tetra(N,N-diphenylamino)penta 
5 cene. 

More particularly, the compound was synthesized according to 
the following procedure as in Example 7. First, 

2.3.6.7- tetra(trimethylsilyl)naphthalene synthesized in Preparation 
Example 2 was used as a starting raw material, and 

10 2,3,7, 8-tetra(trimethylsilyl)-6,9-(N,N-diphenylamino)~anthracene was 
synthesized according to the same procedure as the procedure for 
synthesizing 2,3,6,7-tetra(trimethylsilyl)naphthalene from 
l,2,4,5-tetra(trimethyylsilyl)benzene of Preparation Example 2 except 
that 2,5-(N,N-diphenylamino)-3,4-di(trimethylsilyl)furan was used in 

15 place of 3,4-di(trimethylsilyl)furan as a synthesizing procedure. Further, 
2,3-di(trimethylsilyl)-6,l l-{N,N~diphenylamino)tetracene was 
synthesized by applying the same procedure as the procedure for 
synthesizing 

2.3.7.8- tetra(trimethylsilyl)-6,9-(N,N-dipheiiylamino)-anthracene from . 
20 2,3,6,7-tetra(trimethylsilyl)naphthalene of the present Example except 

that furan was used in place of 

2,5-(N,N-diphenyamino)-3,4-di(trimethylsilyl)furan and, further, the 
same procedure as the procedure for synthesizing 

2,3,7,8-tetra(trimethylsilyl)-6,9-(N,N-diphenylamino)-anthracene from 
25 2,3,6,7-tetra(trimethylsilyl)naphthalene of the Present Example was 
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applied again to synthesize 

2,3,9, 10-tetra(trimethylsilyl)-6,8, 1 1 , 13-tetra(N,N-diphenylamino)pentace 
ne represented by the structured formula. Subsequently, ImM 
2,3,9, 10-tetra(trimethylsilyl)-6,8, 1 1, 13-tetra(N,N-diphenylamino)pentace 
5 ne was dissolved in a THF solvent containing a small amount of water 
and PhNMesF, and this was stirred to synthesize 

6,8, 1 1 , 13-tetra(N,N-diphenylamino)pentacene. Further, 5ml of diy THF, 
5mM 6,8,ll,13-tetra(N,N-diphenylamino)pentacene, and magnesium 
were added to a 200ml egg plant flask under the nitrogen atmosphere, 

10 this was stirred for 1 hour to form a Grignard reagent, 5mM 

chloro-di(tert-butyl)methoxysilane, and 30ml of THF were charged into a 
100ml egg plant flask equipped widi a stirrer, a refluxing condenser, a 
thermometer, and an addition funnel, this was ice-cooled, tlie Grignard 
reagent was added, and this was aged at 30°C for 1 hour. Then, the 

15 reaction solution was filtered under reduced pressure to remove 
magnesium chlox-ide, aiid THF and unreacted 

chlorodi(tert-butyl)methoxysilane were stripped from the filtrate to obtain 
the title compound at a yield of 10%. 

Regarding the resulting compound, infrared absorption was 
20 measured, and absoi^ption of Si-O-C was seen at a wavelength of 

1025cm-i. An ultraviolet visible absorption spectrum of a chloroform 
solution containing the compound was measui-ed, and absorption was 
observed at a wavelength of 515nm. 

Further, nuclear magnetic resonance (NMR) of the compound was 
25 measured. 



(8,2 ppm) (s) (2H: derived from peiitacene) 
(8.0 ppm to 7.9 ppm) (m) (6H: derived from pentacene) 
(7.2 ppm to 7.0 ppm) (m) (16H: derived from diphenylamino group) 
(6.8 ppm to 6.3 ppm) (m) (24H: derived from pentacene) 
5 (3.6 ppm to 3.5 ppm) (m) (6H: dei^ived from methoxy gi'oup of silyl 

group) 

(1.4 ppm to 1.3 ppm) (m) (36I-I: derived from t-Bu group of silyl 

group) 

From these results, it was confirmed that this compound is 
10 2,3-di(di-t-butylmethoxysilyl)-6,8, 1 1 , 13-tetra(N,N-diphenylamino)pentac 
ene. f 

Subsecj[uently, Manufacturing Example of an organic thin film 
using the compound will be shown below. First, a quartz substrate was 
immersed in a mixed solution of hydi^ogen peroxide and concentrate 
15 sulfuric acid (mixing ratio 3:7) for 1 hour to hydrophilization- treat a 

surface of the quartz substrate. Thereafter, the resulting substrate was 
immersed in a lOmM 

2,3-di(di-t-butylmedioxysilyl)-6,8, 1 1 , 13-teti-a(N,N-diphenylamino)pentac 

ene solution obtained by dissolving 
20 2,3-di(di-t-butylmethoxysilyl)-6,8, 1 1 , 13-tetra(N,N-diphenylamino)pentac 

ene in a non-aqueous solvent (n-hexadecane) for 5 minutes under the 

inert atmosphe;re, slowly pulled up, and washed with a solvent to form a 

film on the quartz substrate. 

The quartz substrate on which the lilm was formed was measured 
25 with an ultraviolet visible absorption spectrophotometer, and 610nm 



resulting from an absorption wavelength of a pentacene skeleton which is 
a n electi'on conjugation system molecule was detected. From this, it 
was confirmed that the organic thin film containing a pentacene skeleton 
is formed in the formed oi^ganic thin fihn. In addition, by assessment of 
5 a film thickness by ellipsometry, 21.2nm was obtained as the film 
thickness of the formed organic thin film. This is greater than a 
molecular length of the compound of the present inventioii. That is, 
when the organic thin film is formed using the compound by a chemical 
binding method, by formation of a hydrogen bond between a 

10 diphenylamino group and a hydroxyl group derived from a methoxy 
group, a multimolecular layer can be formed. In addition, it was 
confirmed by AFM measurement that a periodic component is not seen in 
the formed organic thin film. From this, it was confirmed that molecules 
are randomly oriented in the organic thin film. 

15 Example 10 

Synthesis of 

2,8-(N,N-diphenylamino)5,ll-di-trichlorosilyl-peiylene and formation of 
organic thin film using the compound 

2,8-(N,N-diphenylamino) 5, 1 1-di-trichlorosilylpeiylene was 

20 synthesized by a procedure of the Route D4. That is, first, a prescribed 
amount of perylene was dissolved in an acetic acid solvent, and 2,5,8 and 
1 1 positions were iodized with KI/KIO3. Subsequently, after reacted 
with diphenylamino in 1,.2-dichlorobenzene in the presence of copper, 
and this was further reacted with tetrachlorosilane to synthesize the 

25 compound. 
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More particularly, first, 50mL of an acetic acid solution containing 
KI and KIO3 was charged into a lOOmL egg plant flask, 50mL perylene 
(e.g which can be purchased from KISHIDA CHEMICAL Co., Ltd at a 
purity of 99%) was added, and this was stirred for 3 hours, thereby, 
5 ' 2,5,8,1 1-tetraiodoperylene was synthesized. Subsequently, lOmM 

anhydrous K2CO3, 0.5mM copper (catalyst), and 18-crown-6 (ImM) were 
charged into a 100ml glass flask equipped with a stirrer, a i-efluxing 
condenser, a thermometer and an addition funnel, 20mL of a 
dichloro benzene solution containing lOmM 2,5,8, 1 1-tetraiodoperylene 

10 and 20mM phenylamine was added, and this was i^efluxed for 32 hours to 
progress a reaction. After the reaction, a catalyst and unreacted 
materials were removed by filtration, and distilled under reduced 
pressure to synthesize 2,8T(N,N-diphenylamino)5,8-iodoperylene. 
Subsequently, 5ml of dry THF, 5mM 

15 2,8-(N,N-diphenylamino)5,8-iodoperylene, and magnesium were added to 
a 200ml egg plant flask under the nitrogen atmosphere, to form a 
Grignard reagent, 5mM of tetrachloi-osilane and 30ml of THF were 
charged into a 100ml egg plans flask equipped with a stirrer, a refluxing 
condenser, a thermometer, and an addition funnel, this was ice-cooled, 

20 tlie Giignard reagent was added, and this was aged at SO^'C for 2 hours. 
Then, the reaction solution was filtei-ed under reduced pressure to 
remove magnesium chloride, and THF and unreacted 
chloride(tert-butyl)trichlorosilane were stripped from the liltrate to obtain 
the title compound at a yield of 25%. 

25 Regarding the formed 
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2,8-(N,N-diphenylamino)5, 1 1-di-trichlorosilyl-perylene, infrared 
absorption measurement, ultraviolet- visible absorption spectrum 
measurement, and NMR ineasurement were performed. Direct 
measurement of the resulting compound is impossible due to high 
5 reactivity of a compound. Therefor, the compound was reacted widi 
ethanol (generation of hydrogen chloride was confirmed), chlorine at an 
end was converted into an edioxy group, and measurement was 
performed. As a result, by infrared absorption measurement, 
absorption of Si-O-C was seen at a wavelength of lOSOcm-i. In addition, 
10 from measurement of an ultraviolet- visible absorption spectrum, Tc->7t* 
transition absorption was obtained at a wavelength 380nm. Regarding 
results of NMR measurement, the foUowings results were obtained. 

(8.0 ppm to 7.8 ppm) (m) (2H: derived from perylene skeleton) 
(7.5 ppm to 7.3 ppm) (m) (8H: derived from perylene skeleton) 
15 (7.1 ppm to 6.9 ppm) (m) (8H: derived from diphenylamino group) 

(6,7 ppm to 6.3 ppm) (m) (12H: derived from diphenylamino group) 
(3.8 ppm to 3.6 ppm) (m) (12H: derived from ethyl gi^oup of silyl 

group) 

(1.5 to 1.4 ppm) (m) (18H: derived fi-om methyl group of silyl 

20 group) 

From these results, it was confirmed that this compound is 
2,8-(N,N-diphenylamino)5, 1 l-di-trichlorosilyl-pei^ylene. 

Subsequently, an example of manufacturing an organic thin film 
using the compound will be shown below. First, a mica substrate was 
25 immersed in a mixed solution of hydrogen peroxide and concentrated 
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sulfuric acid (niixing ratio 1:4) for 15 minutes, to hyclrophilization-treat a 
surface of the mica substrate. Thereafter, the resulting substrate was 
immersed in a ImM 2,8-(N, 

N-diphenylamino)5,ll-di-trichlorosilyl-peiylene solution obtained by 
5 dissolving 2,8-(N,N-diphenylamino)5, 1 1 -di-trichlorosilyl-peiylene in a 
/non-aqueous solvent (N-hexadecane) for 10 minutes under the inert 
atmosphere, slowly pulled up, and washed with a solvent to form the film 
on the mica substrate. 

The quartz substrate on which the film was formed was measured 
10 with an ultraviolet visible absorption spectrophotometer, and 380nm 

resulting from an absorption wavelength of a peiylene skeleton which, is a 
n electron conjugation system molecule was detected. From this, it was 
confirmed that the organic thin film containing a perylene skeleton is 
formed on the formed organic thin film. In addition, the film thickness 
15 measured by ellipsometiy was lOnm. Thereby, it was confirmed that 

the organic thin film has a multimolecular layer structure. Further, also, 
it was confirmed by AFM measurement that a periodic component is not 
seen in the formed organic thin film. Thereby, it was confirmed that 
molecules are randomly oriented in the organic thin film. 
20 Comparative Example 1 

Using 6,8,1 l ,13-tetra(N, N-diphenylamino)pentacene obtained in 
Example 9, an organic thin film having a thickness of lOniti was formed 
by a sputtering method. 
(Solubility) 

25 Solubility of organic silane compounds syiithesized in Examples 7 
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to 10, and 6,8,1 1,1 3-tetra(N, N-dipheiiylamino)pentacene of Comparative 
Example 1 in an organic solvent was assessed. More particularly, l^rnl 
of each compound was added to Inil of the following organic solvent, and 
this was mixed for 15 minutes. 

5 

Examples 7 to 8; Chloroform; 

Examples 9 to 10 and Comparative Example 1; toluene; 

Each of organic silane compounds of Examples 7 to 10 was dissolved in 

an organic solvent to obtain a transparent solution. A comioound of 

10 Comparative Example 1 was only dispersed and not dissolved in an 
organic solvent, and a white cloudy solution was obtained. 
(Binding to substrate) 

Organic thin films obtained in Examples 8 to 10 and Comparative 
Example 1 were tested by the following method. 

15 Method; First, the ox-ganic thin film formed on the quartz 

substrate was immersed in an aqueous solution, and ultrasound 
washing was performed for 10 minutes. Subsequently, an 
ultraviolet-visible absorptioii spectrum of the organic thin film was 
measured, and the presence or the absence of a 7i—>7x* transition 

20 absorption wavelength inherent to a ti electi-on conjugation system 
molecule was confirmed. 

In organic thin films of Examples 8 to 10, it was confirmed that 
there is ti-^ti* transition absorption at the same position before and after 
ultrasound washing. On the other hand, in the organic thin film of 

25 Comparative Example 1, it was confirmed that n^n* transition 
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absorption confirmed before ultrasound washing is lost after ultrasound 
washing. Thereby, it was confirmed that durability of the organic silyl 
compound of the present invention is improved. 

From Examples 7 to 10, the following items were made clear. 
5 Since the organic silaiie compound of the joresent invention has relatively 
high solubility, and has characteristic that it has high general-use in thin 
film formation utilizing a solution system, because it has the functional 
group and the silyl group. In addition, the organic silane compound of 
the present invention is chemically bound to the substrate fii'm, and it 

10 allows the thin film excellent in durability to be formed, because it has 
the silyl group. In addition, intermolecular interaction between adjacent 
molecules is reduced, because the organic silane compound of the 
pi'esent invention has a relatively great molecular volume of the 
functional group. As a result, crystallization does hot occur, an 

15 amorphous film is formed. Therefore, for example, when utilized as an 
organic EL device, a high light emitting efficiency can be accompanied. 
Example 1 1 

1, 4, 8-ll-Tetranitro-2-di-t-butylethoxysilyl-pentacene was" 
synthesized by the following procedure. That is, first, from 1, 2, 4, 

20 5-tetrachlorobenzene, 2,3-di(trichlorosilyl)6,7-dinitronaphthalene was 
synthesized, a protecting group such as a trimethylsilyl group was 
reacted with a nitro group, the number of acene skeletons was 
sequentially increased and, thereafter, the protecting group was 
deprotected to synthesize the title compound. 

25 More particularly, 0.4M magnesium, lOOmL of HMPT (hexamethyl 



phosphorous triamicle), 20mL of THF, I2 (catalyst), and O.IM 
1,2,4,5-teti^abeiizene (e.g. which can be iDurchasecl from KISHIDA 
CHEMICAL Co., Ltd. at a purity of 99%) were added to a 200ml glass flask 
equipped with a stirrer, a re fluxing condenser, a thermometer and an 
5 addition lunnel, 0,4M chlorotrimethylsilane was added dropwise'at 3i 
temperature of 80°C, and this was stirred for 30 mmutes, and refluxed at 
130°C for 4 days to synthesize 1,2, 4, 5-tetra(trimethylsilyl) benzene. 
Subsequently, 20mM i-PrNH, 50mM PhI(OAc)((diacetoxyiodo)benzene), 
and 50mL of dichlorome thane were added to a 200mL egg plant flask, 

10 50mM CF3C02H(TfOH) was added dropwise at 0°C, and this was stirred 
for 2 hours. Subsequently, lOmL of a dichloromethane solution 
containing 50mM l,2,4,5-tetra(trimethylsilyl)benzene was added 
dropwise at 0°C, and this was stirred at room temperature for 2 hours to 
synthesize phenyl[2,4,5-tris(trimethylsilyl)phenyl]iodonium triflate. 

15 Further, subsequently, a THF solution of 2.0M BU4NF was charged into a 
50mL egg plant flask, lOmL of a dichloromethane solution containing 5 
mM phenyl[2,4,5-tris(trimethylsilyl)phenyl]iodoniuni triflate and lOmM 
3,4-dinitrofurane was added dropwise at 0°C, and this was stiri-ed for 30 
minutes to progress the reaction. After completion of the reaction, the 

20 reaction was extracted with dichloromethane and water, and purified by 
column chromatography to synthesize a 

l,4"dihydro-l,4-epoxynaphthalene derivative. Thereafter, lOmL of a 
THF solution containing ImM lithium iodide, and lOmM DBU 
(l,8-dizerbicyclo[5.4.0]undec-7-ene) was charged into a 50ml glass flask 
25 equipped with a stirrer, a refluxing condenser, a thermometer and an 
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addition funnel, IniM l,4-dihydro-l,4-epoxynaphthalene derivative was 
added, and this was refluxed for 3 hours under the nitrogen atmosphei^e 
to progress the reaction. After completion of the reaction, extraction and 
water removal with MgS04 were pei-formed to synthesize 
5 2,3-di(trichlorosilyl)6,7-dinitronaphthalene. Subsequently, 

2,3-(trimethylsilyl)7,10-dinitrotetracene was synthesized by applying two 
times the same procedure as the procedure for synthesizing 

2 . 3 - di( trimethylsilyl) 6 , 7 -dinitronaph thalene from 
1,2, 4, 5-tetra(trimethylsilyl) benzene except that 

10 3,4-di(trimethylsilyl}furan was used in place of 3,4-dinitrofuran. 
Further, subsequently,. 

2- (oxytrimethylsilyl)3-(trimethylsilyl) 1,4,8, 1 1-tetranitropentathene was 
synthesized by applying one time the same procedure as the procedure 
for synthesizing 2,3-di(trimethylsilyl)6,7~dinitroriaphthalene from 

15 1,2, 4, 5- tetra( trimethylsilyl) benzene except that 

3- (trimethylsilyl)4~(oxytrimetliylsilyl)furan was used in place of 

3.4- dinitrol\iran, ImM 

2-(oxytrimethylsilyl)3-(trimethylsilyl) 1 ,4,8, 1 1-tetranitrobenzene was 
dissolved in a THF solvent containing a small amount of water and 

20 PhNMesF, and diis was stirred to synthesize 2-hydroxy 

1,4,8, 11-tetranitropentacene. Further, 5mM di(tert-butyl)ethoxysilane 
hydride and 30ml of THF were charged into a 100ml egg plant flask 
equipped with a stirrer, a refluxing condenser, a thermometer and an 
addition funnel under the nitrogen atmosphere, this was ice-cooled, 5ml 

25 of dry THF, and 5mM 2-hydroxyl,4,8, 1 1-tetranitropentacene were added, 
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and this was aged at 30°C for 1 hour to synthesize 
1,4,8, 1 l-tetraniti"0-2-di-t-butylethoxysilyl-pentacene. 

Regarding the resulting compound, infrared absorption was 
measui'ed, and absorption of Si-O-C was seen at a wavelength of 
5 1 035cm- 1. An ultraviolet- visible absorption spectrum of a chloroform 
solution containing the compound was measured, and absorption was 
observed at a wavelengdi of 605nm. 

Further, nuclear magnetic resonance (NMR) of the compound was 
measured. 

10 (8.1 ppm to 8.0 ppm)(S)(lH: derived from pentacene) 

(7.9 ppm to 7.8 ppm) (M)(8H: derived from pentacene) 
(3.6 ppm to 3.5 ppm)(M)(6H:dei-ived from ethyl of silyl group) 
(1.4 ppm to 1.3 ppm)(M)(27H:derived from t-Bu group of silyl 
group and methyl group) 
15 From these results, it was confirmed that this compound is 

1,4,8, 1 l-tetranitro-2-di-t-butylethoxysilyl-pentacene. 
Example 12 

First, a glass substrate was ultrasound- washed in an organic 
solvent (e.g. acetone and isopropyl alcohol), and plasma ashing was 

20 performed at lOOW for 5 minutes. Subsequendy, an ITO transparent 
electrode thin film was formed on this substrate at a thickness of 150nm 
by a RF sputtering method, and this was patterned. In this state, this 
was introduced into a vacuum deposition apparatus, a pressure in a tank 
was reduced to 5.0x10"^ Torr, TPD as a hole transporting layer was 

25 deposited on the ITO transparent electrode at a thickness of 50nm and, 
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further, Alq3 as a light emitting layer was deposited on the hole 
transporting layer at a thickness of 50nm. Subsequently, the substrate 
was immersed in a solution of hydrogen peroxide: sulfui^ic acid ==1:4 for 
15 minutes to hydrophilization-treat a surface. On the other hand, 
3-di-t-butylmethoxysilyl-9-diphenylmethylpentacene obtained in 
Example 8 was dissolved in a chloroform solvent to make a 2mM sample 
solution, subsequently, a prescribed amount (100 |al) of the sample 
solution was added dropwise to a water surface in a trough, to form a 
monomolecular film (L film) of the compound on the water surface. In 
this state, a pressure was applied to the water surface to obtain a 
prescribed surface pressure (30 mN/cm^), and a substrate on which the 
light emitting layer was laminated, and which had been pre-set was 
pulled up at a constant rate to form an electron transporting layer on the 
light emitting layer. Further, MgAg as a cathode was deposited on the 
electron transporting layer at a thickness of 200nm to prepare an organic 
EL device. 

In the thus constructed organic EL device, an electron 
transporting efficiency is high, because an interface between the light 
emitting layer and the electron transporting layer is bound firm via a 
chemical bond and, therefore, a driving voltage can be reduced. In the 
constructed organic EL device, maximum release of SSOOcd/m^ was 
confii-med at an application voltage of 11,5V. 
Example 13 

First, a glass substrate was ultrasound-washed in an organic 
solvent (e.g. acetone or isopropyl alcohol), and plasma ashing was 
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perfoi-med at lOOW for 5 minutes. Subsequently, an ITO transparent 
electrode film was formed on this substrate at a thickness of 150nm by a 
RF sputtering method, and patterned. Subsequently, the substrate was 
immersed in a solution of hydrogen pei^oxide: sulfuric acid = 7:3 for 15 . 
5 minutes to hydrophilization-treat a surface. On the other hand, 
1,4,8,1 l-tetranitro-2-di-t-butylethoxysilyl-pentacene obtained in 
Example 1 1 was dissolved in a chloroform solvent to prepare a 2mM 
sample solution, and the substrate on which an anode had been 
laminated was immersed to form a hole transporting layer on an anode. 

10 In this state, this was introduced into a vacuum deposition apparatus, a 
* pressure in the interior of a tank was reduced to 7.0x10"^ Torr, and Alq3 
as a light emitting layer was deposited on the hole transporting layer at a 
thickness of 50nm. Further, MgAg as a cathode was deposited on the 
hole transporting layer at a thickness of 200nm to manufacture an 

15 organic EL device. 

In the thus consti^ucted organic EL device, a hole transporting 
efficiency or an electron transporting efficiency is high, because 
particularly an interface between the anode and the hole transporting 
layer is bound firm via a chemical bond and, thei*efore, a driving voltage 

20 can be reduced. It was confirmed that the constructed organic EL device 
has maximum release of 3300cd/m2 at an application voltage of 12.0 V. 
Example 14 

First, a glass substrate was ultrasound-washed in an organic 
solvent (e.g. acetone or isopropyl alcohol), and plasma ashing was 
25 performed at lOOW for 5 minutes. Subsequently, an ITO transparent 
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electrode film was formed on this substrate at a thickness of lOOnm by a 
RF sputtei-ing method, and this was patterned, hi this state, this was 
introduced into a vacuum deposition apparatus, a pressure in the 
interior of a tank was reduced to 5.0x10-^ Torr, TPD as a hole 
5 transporting layer was deposited on the ITO transparent electrode at a 
thickness of 50nm and, further, Alq3 as a light emitting layer was 
deposited on the hole transporting layer. Subsequently, the substrate 
was immersed in a solution of hydrogen peroxide : sulfuric acid =1:4 for 
15 minutes to hydrophilization- treat a surface. On the other hand, 

10 2,3-di(di-t-butylmethoxysilyl)-6,8, 1 1 , 13-tetra(N, 

N-diphenylamine)pentacene obtained in Example 9 was dissolved in a 
chloroform solvent to make a 2mM sample solution, subsequently, a 
prescribed amount (100 |-il) of the sample solution was added dropwise to 
a water surface in a trough to form a monomolecular film (L film) of the 

15 compound on the water surface. In this state, a pressure was applied to 
the water surface to obtain a prescribed surface pressure {25 mN/cm2), 
and a substrate on which the light emitting layer had been laminated, 
and which had been pre- set was pulled up at a constant rate, to form an 
electron transporting layer on the light emitting layer. Further, MgAg as a 

20 cathode was deposited on the electron transporting layer at a thickness of 
lOOnm to manufacture an organic EL device. 

In the thus constructed organic EL device, an electron 
transporting efficiency is high, because particulai'ly an interface between 
the light emitting layer and the electron transporting layer is bound firm 

25 via a chemical bond and, therefore, a driving voltage can be reduced. It 
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was confirmed that the constructed organic EL device has maximum 
release of 4500cd/m2 at an application voltage of 10.5V. . 
Comparative Example 2 

First, a glass substrate was ultrasound-washed in an organic 
5 solvent (e.g. acetone or isopropyl alcohol), and plasma ashing was 

perfoi^med at lOOW for 5 minutes. Subsequently, an ITO transparent 
electrode film was formed on this substrate at a thickness of lOOnm by a 
RF sputtering method, and this was patterned. In this state, this was 
introduced into a vacuum deposition apparatus, a pressure in a tank was 

10 reduced to 5.0x 10-^Tox-r, TPD as a hole transporting layer was deposited 
on the ITO transparent electrode at a thickness of 50nm and, further, 
Alq3 as a light emitting layer was deposited on the hole transporting layer 
at a thickness of 50nm, Subsequendy, 6,8, 1 1, 13-tetra(N, 
N-diphenylamino)pentacene which is an intermediate of Example 9 was 

15 formed on the light emitting layer as the electron transporting layer at a 
thickness of lOnrn by a vacuum deposition method. Further, MgAg as a 
cathode was deposited on an electron transporting layer at a thickness of 
lOOnm to manufacture an organic EL device. 

In the thus constructed organic EL device, light emission of 

20 lOOOCd or more could not be confii^med in a range to an application 
voltage of 15.0V. 

In the present Comparative Example, the light emitting layer and 
the electron transporting layer are bound via physical adsorption, and a 
cause is ineffective electron transparence. That is, when layers are 
25 chemically bound as in the organic EL device of the present invention, it 
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was confirmed that a high light emitting efficiency is obtained at a low 
application voltage. 
Example 15 

In the following Examples, a linear all^l unit is expressed by its 
carbon nmnber. For example, an octadecyl group is indicated as CI 8. 
In addition, the compound of the formula (1) is indicated as 
Ri[R2]Pn[R3]R^ . In addition, for describing a name of an intermediate, 
the number of each reaction site of pentacene is as in the foUowiiig 
formula. Therefore, for example, Si{OCH3)3[H]P5[H]C18 is described as 
2-(trimethoxysilano)-14-octadecyl-pentacene. 



4 6 8 1 0 12 




1 S 1 19 17 15 



First, a method of synthesizing a brominated material which is a 
precursor of organic silane compounds to be synthesized in Examples 
15-1 to 15-5 will be shown below. 

Synthesis Example 1: Sjaithesis of 9-bromotetracene, 
9, 10-dibromopentacene 

9-Bromotetracene was synthesized by the following procedure. 
First, ImM tetracene aiid NBS dissolved in 50mL of carbon teti-achloride 
were added to a 100ml egg plant flask equipped with a stirrer, a refluxing 
condenser, a thermometer and an addition funnel, and this was reacted 
for 1.5 hours in the presence of AIBN. Unreacted materials and HBr 

129 



were removed by filtration, and an accumulated material in which only 
one place was brominated was taken out using column chromatography 
to obtain the title 9-bromotetracene. 
Synthesis Example 2: 9,10-Dibromopentacene 
5 9,10-Dibromopentacene was synthesized by the following 

procedure. First, dissolved ImM tetracene and NCS were added to a 
100ml egg plant flask equipped with a stirrer, a refluxing condenser, a 
thermometer and an addition funnel, and this was I'eacted for 10 hours 
in the presence of AIBN. Um^eacted materials and HBr were removed by 

10 filtration, and an accumulated mateiial in which four places were 
chlorinated was taken out using column chromatography to obtain 
2,3,9,1 0- te trachloro tetracene . 

Subsequently, 0.4M magiiesium, 100 mL of HMPT (hexamethyl 
phosphorous triamide), 20mL of THF, I2 (catalyst), and O.IM 

15 2,3,9, 10-tetrachlorotetracene were added to a 200ml glass flask equipped 
with a stirrer, a refluxing condenser, a thermometer and an addition 
funnel, 0.4M chloromethylsilane was added dropwise at a temperature of 
80°C, and this was stirred for 30 minutes, and refluxed at 130°C for 4 
days to synthesize 2,3,9, 10-tetra(trimethylsilyl)tetracene. 

20 Subsequently, 20mM i-PrNH, 50mM 

PhI(OAc)2((diacetoxyiodo)benzene), and 50mL of dichloromethane were 
added to a 200mL egg plant flask, 50mM CF3C02H(TfOH) was added 
dropwise at 0°C, and this was stirred for 2 hours. Subsequently, lOmL 
of a dichloromethane solution containing 50mM 

25 2,3,9, 10-tetra(trimethylsilyl)tetracene was added dropwise at 0°C, and 



this was stirred at room temperature for 2 hours to synthesize 
phenyl[2 , 3 , 9-tris(tximethylsilyl) tetracenyl]iodonium triflate . Further, 
subsequently, a THF solution of 2.0M BU4NF was charged into a 50mL 
egg plant flask, lOmL of a dichlorome thane solution containing 5mM 
5 phenyl[2,3,9-tris(triniethylsilyl)tetracenyl]iodonium triflate and lOmM 
3,4-di(oxitrimethylsilyl)furan was added dropwise at 0°C, and this was 
stirred for 30 minutes to progress the reaction. After completion of the 
reaction, the reaction was extracted with dichloromethane and water, 
and purified by column chromatography to synthesize a 

10 l,4-dihydro-l,4-epoxypentacene derivative. Thereafter, lOmLofaTHF 
solution containing ImM lithium iodide, and 10 mM DBU 
(l,8-diazabicyclo[5.4.0]undec-7-ene) was charged into a 50ml glass flask 
equipped with a stirrer, a refluxing condenser, a thermometer and an 
addition funnel, ImM l,4-dihydro-l,4-epoxypentathene derivative was 

15 added, and this was refluxed for 3 hours under the nitrogen atmosphere 
to progress the reaction. After completion of tlie reaction, extraction and 
water removal with MgS04 were performed to synthesize 
9, lO-diliydropentacene. Further, 0. 1 mM 9, 10-dihydroxypentacene and 
NBS were charged into a 50 ml glass flask equipped with a stirrer, a 

20 refluxing condenser, a thermometer and an addition funnel, AIBN was 
added, and this was stirred for 2 hours to synthesize the title 
9, 10-dibromopentaceiie. 

Synthesis Example 3: Synthesis of 1 1,12-dibromoheptacene 

1 1,12-Dibromoheptacene was synthesized by the following 
25 procedure using, as a stardng i^aw material, 
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2,3,9, 10-tetra(trimethylsilyl)tetracene in Synthesis Example 2. That is, 
fii-st, 2,3, 10, 1 l-tetra(trimethylsilyl)hexacene was syntliesized by applying 
two times the same procedure as the pi-ocedure for synthesizing 
9,10-dihydroxypentacene from 2,3,9, 10-tetra(trimethylsilyl)tetracene in 
Synthesis Example 2 except that 3,4-di(trimethylsilyl)ruran was used in 
place of 3,4-di(oxytrimethylsilyl)furan. Further, by applying one time . 
the same procedure as the procedure for synthesizing 
9,10-dibromopentacene from 2,3,9, 10-tetra(trimethylsilyl)teti-acene in 
Synthesis Example 2, 1 1,12-dibromoheptacene was obtained. 
Synthesis Example 4 Synthesis of 13,14-dibromononacene 

According to the same procedure as that of Synthesis Example 3 
except that the same procedure as the procedure for synthesizing 
9, 10-dihydroxypentacene from 2,3,9, 10-teti-a(trimethylsilyl)tetracene 
was applied not two times but four times, 13,14-dibromononacene was 
synthesized. 

Example 15-1: Synthesis of Si(OC2H5)3[H]P4[H]C18 and formation of thin 
film using the compound 

Si(OC2H5)3[H]P4[H]C18 was synthesized by the following 
procedui-e. 

Fii'st, magnesium was added to, for example, a chloi^oform 
solution containing a prescribed amount of 1-bromooctadecane to form a 
Gi^ignard ixagent. Subsequently, a chloroform solution of 
9-bromotetracene of Synthesis Example 1 was added slowly to form 
9-octadecyltetracene. Subsequently, for example, NBS was used to 
brominate the intermediate, and a compound in which positions other 
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than a 3 -position were brominated was extracted to remove it, to obtain 
3-bromo-9-octadecylteti'acne. Further, I-I-Si(OC2H5)3 was dissolved in 
chloroform, and the solution was added to a chloroform solution 
containing 3-bromo-9-octadecyltetracene to react the materials, to 
5 synthesize Si(OC2H5)3[H]P4[H]C18 (yield 10 %). 

Regarding the resulting compound, infrared absorption was 
measured, and absorption of Si-O-C was seen at a wavelength of 1050 
nm-i. Fi-om this, it was confirmed tliat the resulting compound contains 
a silyl group. An ultraviolet- visible absorption spectrum of a chloroform 
10 solution containing the compound was measured, and absorption was 
observed at a wavelength of 481 nm. This absorption results from 7t;->tc* 
transition of a tetracene skeleton contained in a molecule, and it was 
confirmed that the compound contains a tetracene skeleton. 

Further, nuclear magnetic resonance (NMR) of the compound was 
15 measured. 

7.80 ppm to 7.30 ppm (m) (20H derived from aromatic) 

2.80 ppm to 1.30 ppm (m) (52H derived from methylene and methyl group 

(hydrogen atom contained in octadecyl group and ethyl group)) 

From these results, it was confirmed that this compound is 
20 Si(OC2H5)3[H]P4[H]C18. 

Subsequently, using a chemical binding method, a liinctional 
organic thin film using Si(OC2H5)3[H]P4[H]C18 was formed. 

First, a quartz substrate was immersed in a mixed solution of 
hydrogen peroxide and concentrated sulfuric acid (mixing ratio 3:7) for 1 
25 hour to hydrophilization-treat a surface of the quartz substrate. 



Thereafter, the resulting substrate was immersed in a non-aqueous 
solvent (e.g. toluene) containing 2 niM Si(OC2H5)3[H]P4[H]C18 for ,10 
minutes under the inert atmosphere, pulled up slowly, and washed with 
a solvent to form a functional organic thin film of Si(OC2H5)3[H]P4[H]C18 
5 on the quartz substrate. By measurement of the formed functional 
organic thin film with atomic force microscope (AFM), it was confirmed 
that a difference in a height is about 32.5 nm. In addition, by AFM 
measurement and election beam diffraction (ED) measurement, a 
periodic structure of the compound was observed on the thin film, and it 

10 was confirmed that an oriented film of the compound is formed. 

Example 15-2 Syiithesis of Si(OC2H5)3[Si(OC2H5)3]P5[C18]C18 and 
formation of thin film using the compound 

Si(OC2H5)3[Si{OC2H5)3]P5[C18]C18 was synthesized by the 
following pi'ocedure as in Example 15-1. 

15 First, magnesium was added to, for example, a chlorofoi-m 

solution containing a prescribed amount of 1-bromooctadecane as in 
Example 15-1 to form a Grignard reagent. Subsequently, a chloroform 
solution of 9,10-dibomopentacene of Synthesis Example 2 was slowly 
added to form 9, 10-dioctadecylpentacene. Subsequently, for example, 

20 NBS was used to brominated the intermediate, and a compound in which 
positions other than 2,3-positions were brominated was exti-acted to 
remove, to obtain 2,3-dibromo-9,10-dioctadecylpentacene. Further, 
H-Si(OC2H5)3 was dissolved in chloroform, and the solution was added to 
a chloroform solution of 2,3-dibromo-9,10-dioctadecylpentacene to react 

25 the materials, to synthesize Si(OC2H5)3[Si(OC2H5)3]P5[C18]C18 (yield 
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7%). 

In addition, by the same assessment as that of Example 15-1, it 
was confirmed that the resulting compound is 
Si(OC2H5)3[Si(OC2H5)3]P5[C18]C18. 
5 Subsequently, a method of forming an organic thin film of the 

compound using a LB method will be described. 

First, the Si(OC2H5)3[Si(OC2H5)3]P5[C18]C18 was dissolved, for 
example, in a chloroform solvent to make a 2 mM sample solution. 
Subsequently, a prescribed amount (e.g. 100 \x\) of the sample solution 
10 was added dropwise to a water surface in a trough to form a 

monomolecular film (L film) of the compound on the water surface, hi 
this state, a pressure was applied to the water surface to obtain a 
prescribed surface pressui-e (e.g. 30 mN/cm2), and a substrate which had 
been immersed in water was pulled up at a constant rate to form a LB 
15 film. 

By AFM measurement of the formed thin film of 
Si(OC2H5)3[Si(OC2H5)3lP5[C18]C18, it was confirmed that a difference in a 
height is about 36.2 nm. In addition, by AFM measurement and ED 
measurement, a periodic structure of the compound was observed on the 

20 thin film. As a result, it was confirmed that an oriented film of the 
compound is foi'med. 
Example 15-3 

Manufacturing of oi-ganic TFf using thin film of 
Si(OC2H5)3[Si(OC2H5)3]P5[C18JC18 as organic semiconductor layer 

25 First, chromium was deposited on a substrate 24 comprising mica 
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to form a gate electrode 25. Then, a gate insulating film 26 of a silicon 
nitride film was deposited by a plasma CVD method, chromium and gold 
were sequentially deposited, and a source electrode 27 and a drain 
electrode 28 were foinned by the normal lithography technique. 
5 vSubsequently, using Si(OC2H5)3[Si(OC2H5)3]P5[C18]C18 obtained in 
Example 15-2, an organic semiconductor layer 29 was formed on the 
resulting substrate as in Example 15-3 to obtain organic TFT shown in 
Fig. 7. 

The resulting organic semiconductor layer 29 is characterized in 
10 that durability is high because a n electron conjugation system molecule 
is bound to a substrate via a chemical bond, and an upper part is 
protected with an alkyl group. Therefore, durability of TFT itself is also 
enhanced. 

Property of the resulting organic TFT is shown in Fig. 8. From 
15 this result, organic TFT of Example 15-3 had a field-effect mobility of 
2.1x10-1 cm2/Vs, and an on/ off ratio of about 6 digit and, thus, had 
better performance. 
Example 15-4 

Manufacturing of organic thin film transistor using 
20 Si(OC2H5)3[Si(OC2H5)3]P7[C15]C15 

According to the same manner as that of Example 1 5-2 except 
that dibromoheptacene of Synthesis Example 3 was used in place of 
dibromopentacene of Synthesis Example 2, 

Si(OC2H5)3[Si(OC2H5)3]P7[C15]C15 was obtained. According to the same 
25 manner as that of Example 15-3 except that the above organic silane 

136 



compound was used, organic TFT was obtained. 

Property of the resulting oi^ganic TFT is shown in Fig. 9. From 
this result, oi-ganic TFT of Example 15-4 had a field-effect mobility of 
2.3x10-1 cm^/Vs, and an on/off ratio of about 6 digit and, therefore, had 
5 better pei'formance. 
Example 15-5 

Manufacturing of organic thin film transistor using 
Si(OCH3)3[Si(OCH3)3]P9[C21]C21 

. According to the same manner as that of Example 15-2 except 
10 diat dibromononacene of Synthesis Example 4 was used in place of 

dibromopentacene of Synthesis Example 2, 1 -bromohenicocene was used 
in place of 1-bromooctadecane, and H-Si(OCH3)3 was used in place of 
H-Si(OC2H5)3, Si(OCH3)3[Si(OCH3)3]P9[C21]C21 was obtained. 
According to the same manner as that of Example 15-3 except that the 
15 above organic silane compound was used, organic TFT was obtained. 

Property of the resulting organic TFT is shown in Fig. 10. From 
this result, organic TFF of Example 15-5 had a field-effect mobility of 
2.7x10-1 cm^/Vs, and an on/off ratio of about 6 digit and, therefore, had 
better performance. 
20 Example 15-6 

Synthesis of 2-{tert-butyl)8-trichlorosilylpeiylene and 
manufacturing of organic thin film transistor using the compound 

2-(Tert-butyl)8-trichlorosilylperylene was synthesized by the 
following procedure. First, 20 mM perylene and NBS dissolved in 50 mL 
25 of carbon tetrachloride were charged in a 100 ml egg plant flask equipped 
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with a stii-rer, a refluxing condenser, a thermometer and an addition 
funnel, AIBN was added, and this was refiuxed for 2.5 hours to 
synthesize 2,8-dibromoperylene. Subsequently, 2,8-dibromoperylene 
and {CH3)3CMgBr were dissolved in 30 mL of diethyl ether, the solution 
was added to a 100 ml egg plant flask equipped with a stirrer, a refluxing 
condenser, a thermometer and an addition funnel, and this was refiuxed 
for 5 hours under the nitrogen atmosphere to synthesize 
2-(tert-butyl)8-bromoperylene. Further, 5 ml of dry THF, 5 mM 
2-(tert-butyl)8-bromopeiylene, and magnesium were added to a 200 ml 
egg plant flask under tlie nitrogen atmosphere, this was stirred for 1 hour 
to form a Grignard reagent, 5 mM tetrachlorosilane and 30 ml of THF 
were charged into a 100 ml egg plant flask equipped with a stirrer, a 
refluxing condenser, a thermometer and an addition funnel, this was 
ice-cooled, the Grignard reagent was added, and this was aged at 30°C for 
2 hours. Then, the reaction solution was filtered under reduced 
pressure to remove magnesium chloride, and THF and unreacted 
chlorodi(tert-butyl)methoxysilane were stripped from the filtrate to obtain 
the title 2-(tert-butyl)8-trichlorosilylperylene at a yield of 15 %. 

Regarding the synthesized 2-{tert-butyl)8-trichlorosilylpeiTlene, 
infrared absorption measurement, ultraviolet- visible absorption 
measurement, and NMR measurement were pei-formed. Direct 
measurement of the resulting compound is impossible due to high 
reactivity of the coinpound. Therefor, the compound was reacted with 
ethanol (generation of hydrogen chloride was confirmed), chloi-ine at an 
end was converted into an ethoxy group, and measurement was 
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performed. As a result, by infrared absorption measurement, 
absorption of Si-O-C was seen at a wavelength of 1030 cm-i. In addition, 
by ultraviolet-visible absorption spectrum measurement, Tc-~>7t* transition 
absorption at a wavelength of 380 nm was obtained. Regarding results 
5 of NMR measurement, the following results were obtained. 

(8.0 ppm^-y.S ppm) (m) (2H: derived from peiylene skeleton) 
(7.5 ppm'-y.S ppm) (m) (8H: derived fx-om perylene skeleton) 
(3.8 ppm-S^eppm) (m) (6H: derived from ethyl group of silyl group) 
(1.5 piDm-'l.^ ppm) (m) (18H: derived from methyl group of silyl 
10 group and tert-butyl group) 

From these results, it was confirmed that this compound is 
2-(tert-batyl)8~trichlorosilylperylene. 

According to the same manner as that of Example 15-3 except 
that the above organic silane compound was used, organic TFT was 
15 obtained. 

Property of the resulting organic TFT is shown in Fig. 1 1 . From 
this result, organic TFT of Example 6 had a field-effect inobility of 
1.1x10-1 cm2/Vs, and an on/off ratio of about 6 digit and, therefore, had 
better performance. 

20 In Examples 15-1, 2 and 4 to 6, methods of synthesizing 

Si(OC2H5)3[lTJP4[H]C18, Si(OC2H5)3[Si(OC2H5)3]P5[C18]C18, 
Si(OC2l-l5)3[Si(OC2H5)3]P7[C15]C15, Si(OCH3)3[Si(OCH3)3]P9[C21]C21, 
and 2-(tert-butyl)8-trichlorosilylperylene were shown. In addition, in 
Examples 15-1 and 2, a method of forming a thin film using 

25 Si(OC2H5)3lH]P4[H]C18 and Si(OC2H5)3[Si(OC2H5)3]P5[C18]C18 was . 
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shown. In Examples 15-3 to 6, organic TFT using 

Si(OC2H5)3[Si(OC2H5)3]P5[C 1 8]C 1 8, Si(OC2H5)3[Si{OC2H5)3]P7[C 1 5]C 1 5, 
Si{OCH3)3[Si(OCH3)3]P9[C21]C21, and 
2-(tert-butyl)8-trichlorosilylperylene were shown. 

However, these Examples are not limited to only the above 
compounds, but other organic silane compounds of the present invention 
can be produced by the same method as that of Examples 15-1, 2 and 4 
to 6. In addition, the organic silane compounds of the present invention 
other than Examples 15-1 and 2 can be made into a thin film by the same 
method as. that of these Examples. In addition, organic silence 
compounds of the present invention other than Examples 15-4 to 6 can 
be also made into organic TFT by the same method as that of these 
Examples. 

Further, as in Example 15-2, the thin film using the organic silane 
compound of the present invention has high orientiiig property, and 
acene skeletons exerting electrical conductivity are not bound in a 
direction parallel to a substrate surface. For this reason, the thin film 
can be used as a semiconductor layer of organic TFT as in Example 15-3 
and, in that case, organic TFT having high mobility, and having high 
property capable of suppressing a leak current is obtained. 
Example 16-1: Synthesis of organic silane compound represented by the 
following formula (a) 
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H 



0CH3 

/ 

Si — OCH3 (a) 




0CH3 



The above compound was synthesized by die following procedure. 

First, a carbon tetrachloride solution coiitaining 0.1 M carbazole 
(CAS 86-74-8) was added to a 100 ml egg plant flask equipped with a 
stirrer, a refluxing condenser, a thei^mometer and an addition funnel, 
NBS was charged therein, and AIBN was added, and this was refluxed for 
5 hours to synthesize 6,7-dibromocarbazole. Subsequently, 0.05 M 
6,7-dibromocarbazole and 0.1 M CH3(CH2)7MgBr were. dissolved in 30 mL 
of diethyl ether, the solution was added to a 100 ml of egg plant flask 
equiiDped with a stirrer, a refluxing condenser, a thermometer and an 
addition funnel, and tliis was refluxed for 5 hours under the nitrogen 
atmosphere to synthesize 6,7-dioctylcarbazole. Subsequently, the 
6,7-dioctylcarbazole was added to a 100 ml egg plant flask equipped with 
a stin-er, a refluxing condenser, a thermometer and an addition funnel, 
NBS was charged therein, AIBN was added, this was refluxed for 2,5 
hours to form 3-bromo-6,7-dioctylcarbazole, 0.02 M 

' trimethoxychlorosilane was lurther added, and this was refluxed for 6 
hours to synthesize the title 2-trimethoxysilyl-6,7-dioctylcarbazole. 

By infrared aibsorption measurement of the title compound, 
absorption of Si-O-C v/as seen at a wavelength of 1030 cm-^. In addition, 
regarding results of NMF< measurement, the following results were 
obtained. 
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8.5 ppm (IH: derived from hydrogen directly binding to N of 
carbazole) 

7.4 ppm (3H: derived from carbazole) 

7.2 ppm (IH: derived from carbazole) 
5 7.0 ppm (11-1: derived from carbazole) 

3.6 ppm (9H: dei'ived from metliyl group of silyl group) 
2.6 ppm (4H: dei-ived from octyl group) 

1.6 ppm (41-1: derived from oct}^ group) 

1.3 ppm (16H: derived from octyl group) 
10 1.2 ppm (6H: derived from octyl group) 

From the above results, it was confirmed that the synthesized 
compound is the title compound. 

Example 16-2: S3rn thesis of oi^ganic silane compound represented by the 
following formula (b) 



OC2H5 

Si—OCaHs (b) 

^OC2H5 

C18H37 ^ ^^,^^OC2H5 

G2H50 OC2H5 



15 

The above compound was synthesized by the following procedure. 
First, by applying the same procedure as that of Example 16-1 
except that 0.1 M dibenzofuran (CAS 132-64-9) was used as a starting 
material, dibenzofuran was used in place of carbazole, and 
20 CH3(CH2)i7MgBr was used in place of (CH3)(CH2)7MgBr, 
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ejy-dioctadecyl-dibenzollu'an was synthesized. Subsequently, the 
6,7-dioctadecyl-dibenzofuran was added to a 100 ml egg plant flask 
equipped with a stirrer, a refluxing condenser, a thermometer and an 
addition funnel, NBS was charged therein, AIBN was added, this was 
5 refluxed for 7 hours to form 2,3-dibronio-6,7-dioctadecyl-dibenzofuran, 
0.04 M triethoxychlorosilane was further added, and this was refluxed for 
6 hours to synthesize the title 
2-triethox3^silyl-6,7-dioctadecyl-dibenzofuran. 

By infrared absorption measurement of the title compound, 
10 absorption of Si-O-C was seen at a wavelength of 1020 cm-i . In addition, 
regarding results of NMR measurement, the following results were 
obtained. 

7.4 ppm (2H: derived from dibenzofuran) 
. 7.2 ppm (2H: derived from dibenzofuran) 
15 3.8 ppm (12H: derived from methylene group of silyl group) 

2.6 jDpm (4H: derived fi^om octadecyl group) 
1.6 ppm (4H: derived from octadecyl group) 
1.3 ppm (56H: derived from octadecyl group) 

1.2 ppm (24 H: derived from octadecyl group and methyl group of 
20 silyl group) 

From the above results, it was confirmed that the synthesized 
compound is the title compound. 

Example 16-3: Synthesis of organic silane compound represented by the 
following structural, formula (c) 
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H2 

C 



/ 

Si_OCH3 (c) 



OCHa 



\ OCHa 



CtsHa? 



The above compound was 530.1 thesized by the following procedure. 

First, a carbon tetrachloride solution containing 0.1 M fluorene 
(CAS 86-73-7) was added to a 100 ml egg plant flask equipped with a 
stirrer, a refluxing condenser, a thermometer, and an addition funnel, 
NBS was charged therein, AIBlNF was added, and this was refluxed for 2.5 
hours to synthesize 6-bromofluorene. Subsequently, 0.05 M 
6-bromofluorene and 0.05 M CH3(CH2)i7MgBr were dissolved in 30 mL of 
diethyl ether, tlie solution was added to a 100 ml egg plant flask equipped 
with a stirrer, a refluxing condenser, a thermometer aiid an addition 
funnel, and this was refluxed for 5 hours under the nitrogen atmosphere 
to synthesize 6-octadecylfluorene. Subsequently, the 
6-octadecylfluorene was added to a 100 ml egg i:)lant flask equipped with 
a stirrer, a refluxing condenser, a thermometer and an addition funnel, 
NBS was charged therein, AIBN was added, diis was refluxed for 2.5 
hours to form 3-bromo-5-octadec3dfluorene, 0.01 M 
trimethoxychlorosilane was further added, and this was refluxed for 4 
hours to synthesize die title 2-trimel:lioxysil34-6-octadec3dfluorene. 

By infrai-ed absorption measurement of the title compound, 
absorption of Si-O-C was seen at a wavelengtli of 1025 cnr^. In addition, 
regarding results of NMR measurement, the following results were 



144 



obtained. 

7.6 ppm (4H: derived from fiuorene) 
7.4 ppm (2H: derived from fluorene) 

3.8 ppm (lOH: derived from metliylene group of silyl group and 
. fluorene) 

2.6 ppm (2H: derived from octadecyl group) 

1.6 ppm (2H: derived from octadecyl group) 

1.3 ppm (30H: derived from octadecyl group) 

1,2 ppm (3H: derived from octadecyl group) 

From the above results, it was confirmed that the synthesized 
compound is the title compound. 

Example 16-4 Synthesis of organic silane compound represented 
by the following structural formula (d) 

(d) 

The above compound was synthesized by the following procedure. 

According to the . same procedure as that of Example 16-3 except 
that dibenzothiophene (CAS 132-65-0) was used in place of fluorene, 
6-bromodibenzothiophene and 2-bromo-6-octadec34-dibenzothiophene 
were synthesized. 

Subsequently, a carbon tetrachloi-ide solution of the 
6-bromodibenzothiophene was added to a 100 ml egg plant flask to which 
a metal magnesium had been added, this was refluxed for 2 hours to form 
a Grignard reagent, a carbon tetrachloride solution of 
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2-bromo-6-octadecyl-dibenzothiophene was added to a 100 ml egg plant 
flask equipped with a stirrer, a refiuxing condenser, a thermometer and 
an addition funnel, and this was refluxed for 5 hours under the nitrogen 
atmosphere to synthesize a dimer. Further, the dimer was added to a 
100 ml egg plant flask equipped with a stirrer, a refiuxing condenser, a 
thermometer and an addition funnel, NBS was charged therein, AIBN 
was added, this was refluxed for 2.5 hours to tarominate the material, 
0.01 M trimethoxychlorosilane was added, and this was refluxed for 4 
hours to synthesize the title compound. 

By inlxared absorption measui*ement of the title compound, 
absorption of Si-O-C was seen at a wavelength of 1020 cnr i. In addition, 
regarding results of NMR measurement, the following results were 
obtained. 

8.0 ppm (2H: derived from dibenzothiophene group) 
7.8 ppm (5H: derived from dibenzothiophene group) 

7.5 ppm (3H: derived from dibenzothiophene group) 

7.2 ppm (2H: derived from dibenzothiophene group) 

3.6 ppm (9H: derived from methyl group of silyl group) 
2.6 ppm {2H: derived from octadecyl' group) 

1.6 ppm {2H: derived from octadecyl group) 

1.3 ppm (30I-I: derived from octadecyl group) 
1.2 ppm (31-1: derived from octadecyl group) 

From the above results, it was confirmed that the synthesized 
compound is the title compound. 
Preparation Example 3 Synthesis of pentaphene 
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Pentaphene to be used in Example 16-5 was synthesized by the 
following procedure. 

First, dissolved 1 mM phenanthrene (CAS 85-01-8) and NCS were 
added to a 100 ml egg plant flask equipped with a stirrer, a re fluxing 
5 condenser, a thermometer and an addition funnel, and this was reacted 
for 10 hours in the pi'esence of AIBN. Unreacted matei-ials and HBr were 
removed by filtration, and an accumulated material in which four places 
were chlorinated was taken out using column chromatography to obtain 
2,3,6, 7 - tetrachloroiDhenanthrene . 

10 Subsequently, 0.4 M magnesium, 100 mL of HMPT 

(hexamethyl-phosphorous triamide), 20 niL of THF, b (catalyst), and 0.1 
M 2,3,9, 10-tetrachlorophenanthrene wei-e added to a 200 ml glass flask 
equipped with a stirrer, a refluxing condenser, a thermometer and an 
addition funnel, 0.4 M chlorotrimethylsilane was added dropwise at a 

15 temperature of 80°C, and this was stirred for 30 minutes, and refluxed at 
130*^0 for 4 days to synthesize 2,3,6,7-tetra(ti-imethylsilyl)phenanthrene. 

Subsequently, 40 mM i-PrNH, 100 mM PhI(OAc)2 
((diacetoxyioclo) benzene), and 100 mL of dichloromethane were added to 
a 200 mL egg plant flask, 100 mM CFsCOsl-UTfOH) was added dropwise at 

20 0°C, and this was stirred for 2 hours. Subsequendy, 10 mL of a 
dichloromethane solution containing 50 mM 

2,3,6,7-tetra(trimethylsilyl)phenanthrene was added dropwise at 0°C, 
and this was stirred at room temperature for 2 hours to synthesize triflate. 
Further, subsequendy, a THF solution of 2.0 M Bu4NF was charged into a 
25 50 mL egg plant flask, 10 mL of a dichloromethane solution containing 5 
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mM trillate and 20 niM 3,4-cli(oxyLrimethylsilyl)furan was added 
dropwise at 0°C, and this was stirred for 2 hours to progress the reaction. 
After the completion of the reaction, the reaction was extracted with 
dichloromethane and water, and purified by colunan chromatography, 1 
mM of this was introduced into a 50 ml glass flask equipped with a stirrer, 
a refluxing condenser, a thermometer and an addition funnel, containing 
10 mL of a THF solution containing 1 mM lithium iodide, and 10 mM 
DBU (l,8-diazabicyclo[5.4.0]undec-7-ene), and tliis was refluxed for 3 
hours under the nitrogen atmosphere to progress the reaction. After 
completion of the reaction, extraction and water removal with MgS04 
were performed to synthesize pentaphene. 

Example 16-5: Synthesis of organic silane compound represented 
by the following structural formula (e) 



C18H37 




The above compound was sjaxthesized by the following procedure 
using pentaphene synthesized in Preparation Example 3. 

First, according to the same procedure as that of Example 9 
except that pentaphene was used. in place of fluorene, 
10-octadecylpentaphene, and 3-bromo-lO-octadecylpentaphene were 
synthesized. Further, this was reacted with triethoxj^chlorosilane as in 
Example 16-4 to synthesize the title compound. 

• By infrared absorption measurement of the title compound, 
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absorption of Si-O-C was seen at a wavelength of 1020 cm-i. In addition, 
regai-ding results of NMR measurement, the following results were 
obtained. 

8.3.ppm (4H: derived from pentaphene) 
7.9 ppm (5H: derived from pentaphene) 
7.4 ppm (2H: derived fi^om pentaphene) 

7.2 ppm (IH: derived from pentaphene) 

3.8 ppm (6H: derived from methylene group of silyl group) 
2.6 ppm (2H: derived from octadecyl group) 
1.6 ppm (2H: derived fi^om octadecyl group) 

1.3 ppm {30H: derived from octadecyl group) 

1.2 ppm (12H: derived from octadecyl gi^oup and methyl group of silyl 
group) 

From the above results, it. was confirmed that the synthesized 
compound is the title compound. 

Example 16-6: Synthesis of organic silane compound repr-esented 
by the following structural formula (f) 



The above compound was synthesized by the following procedure. 
A carbon tetrachloi*ide solution containing 0.1 M phenanthrene was 
added to a 100 ml egg plant flask equipped with a stin-er, a refluxing 
condenser, a thermometer and an addition funnel, NBS was charged 
therein, AlBN was added, and this was refluxed for 2.5 hours to 



c 




0C2H5 



0C2H5 

St— OC2H5 



(f ) 
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synthesize 2-bromophenanthrene. Subsequently, 0.05 M 
2-bromophenanthrene and 0.05 M CH3{CH2)iiMgBr were dissolved in 30 
mL of diethyl edier, the solution was added to a 100 ml of egg plant flask 
equipped with a stirrer, a refluxing condenser, a thermometer, an 
5 addition funnel, and this was i-efluxed for 5 hours under the nitrogen 
atmosphere to synthesize 2-bromophenanthrene. Subsequently, a 
cai'bon tetrachloride solution of the 2-bromophenanthrene was added to 
a 100 ml egg plant flask containing a metal magnesium, this was refluxed 
for 2 hours to foi'm a Giignard reagent, a carbon tetrachloride solution of 

10 10-bromo-pentaphenone which is an intermediate of Example 16-5 was 
furUier added to a 100 ml egg plant flask equijDped with a stirrer, a' 
refluxing condenser, a thermometer, and an addition funnel, and this 
was refluxed for 5 hours under the nitr-ogen atmosphere to dimerize it. 
Further, the dimer was added to a 100 ml egg plant flask equipped with a 

15 stirrer, a refliixihg condenser, a thermometer, and an addition funnel, 
NBS was charged therein, AIBN was added, this was refluxed for 2.5 
hours to brominate, 0.01 M triethoxychlorosilane was added, and this 
was refluxed for 4 hours to synthesize the title compound. 

By infrared absoi'ption measurement of the comiDound, 

20 absorption of Si-O-C was seen at a wavelength of 1020 cm-i . In addition, 
regarding results of NMR measurement, the following results were 
obtained. . 

8.5 ppm (2H: derived from phenanthrene group) 
8.3 ppm (5H: derived from phenanthrene group and 
25 pentaphenone group) 
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8.1 ppm (3H: derived from pentaphene group) 

7.9 ppm (3Ii: derived from phenanthrene group and pentaphene 

group) 

7.7 ppm (3H: derived from phenanthrene group and pentaphene 

group) 

7.6 ppm (IH: derived from pentaphene gi^ovip) 

7.5 ppm (2Ii: derived from pentaphene group) 

3.8 ppm (6H: derived irom methylene group of silyl) 

2.6 ppm (2H: derived from dodecyl group) 
1.6 ppm (2H: derived from dodecyl group) 
1.3 ppm (18Ii: derived from dodecyl group) 

1.2 ppm (12 H: derived from dodecyl group and methyl group of 
silyl group) 

From the above results, it v^as confirmed that the synthesized 
compound is the title compound. 

Example 16-7 >Syn diesis of organic silane compound represented 
by the following structural formula (g) 



C2H50 



C12H25 




The above compound was synthesized by the following procedure. 
First, a carbon tetrachloride solution containing 0,1 M fluoranthene (CAS 
206-44-0) was added to a 100 ml egg plant flask equipped with a stirrer, 



a refluxing condenser, a thermometer, and an addition funnel, NBS was 
charged therein, AIBN was added, and this was refiuxed for 5 liours to 
syndiesize 8-bromofluoranthene. Subsequently, 0.05 M 
8-bromofluorandiene and 0.1 M CH3(CH2)iiMgBr were dissolved in 30 
5 mL of diedn3d ether, the solution was added to a 100 ml egg plan flask 
equipped with a stirrer, a refluxing condenser, a thermometer, and an 
addition funnel, and this was refluxing for 5 hours under the nitrogen 
atmosphere to synthesize 8-didodecylfluoranthene. Subsequently, the 
8-didodecylfluoranthene was added to a 100 ml egg plant flask equipped 

10 with a stirrer, a refluxing condenser, a thermometer, and an addition 

funnel, NBS was charged therein, AIBN was added, this was refiuxed for 
2.5 hours to form 5-bromo-8-dodecylfluoranthene, 0.02 M 
ti'iethoxychlorosilane was further added, and this was refiuxed for 6 
hours to synthesize the title 3-triethoxysilyl-6-dodecylfluoranthene. 

15 By infrared absorption measurement of the title compound, 

absorption of Si-O-C was seen at a wavelength of 1040 cm"i. In addition, 
regai^ding results of NMR measurement, the following results were 
obtained. 

7.8 ppm (3H: derived from fluoranthene) 
20 7.6 ppm (2H: dei^ived from fluoranthene) 

7.3 ppm (3H: derived from fluoranthene) 

3,6 ppm (6H: derived from meth3dene group of silyl group) 

2.5 pprn (2H: dei'ived from dodecyl group) 

1.5 ppm (2H: derived from dodecyl group) 
25 1.3 ppm (24H: derived from dodecyl group) 
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1.2 ppm (12H: derived from dodecyl group and methyl group of 
silyl group) 

From the above results, it was confirmed that the synthesized 
compound is the title compound. 
5 Example 16-8: Syntliesis of organic silane compound represented 

by the following structural formula (h) 




(h) 

The above compound was synthesized by the following procedure. 
First, 100 mM NBS and AIBN were added to a carbon tetrachloride 

10 solution containing 50 mM benzofluoranthene (CASNO. 207-08-9), this 
was reacted at 60''C for 2 hours under the N2 atmosphere, unreacted 
materials were removed by filtration, and an accumulated material in 
which only one place was brominated was taken out using column 
chromatography to synthesize 9-bromo-benzolluoranthene. 

15 Subsequently, 20 mM 9-bromo-benzofluoranthene was added to a THF 
solution containing 20 mM CH3(CH2)i7MgBr, and this was reacted at 
20°C for 4 hours to synthesize 9-octadecylbenzofluoranthene. 
Subsequently i the 9-octadecylbenzofluoranthene was added to a 100 ml 
egg plant flask equipped with a stirrer, a i-efluxing condenser, a 

20 thermometer, and an addition funnel, NBS was charged therein, AIBN 
was added, this was refluxed for 2.5 hours to form 
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5-bromo-9-octadecylbenzofluor£inthene, 0.02 M trimethoxj^chlorosilane 
was further added, and this was refluxed for 6 hours to syndiesize the 
title 5"trimethoxysilyl-9-octadecylbenzofiuoranthene. 

By infrared absorption measurement of the title compound, 
5 . absorption of Si-O-C was seen at a wavelengdi of 1045 cm-i. 

In addition, regarding NMR, the following results were obtained. 

8.1 ppm (IH: derived from benzofluoranthene group) 
8.0 ppm (IH: derived from benzofluoranthene group) 
7.9 ppm (IH: derived from benzofluoranthene group) 

10 7.8 ppm (IH: derived from benzofluoranthene group) 

7.7 ppm (5H: derived from benzofluoranthene group) 
7.6 ppm (IH: deidved from benzofluoranthene group) 
7.3 ppm (IH: derived from benzofluoranthene group) 
3.6 ppm (9H: derived from medioxy group, methyl group) 

15 2.5 ppm (2H: derived from octadecyl group) 

1.5 ppm (2H: derived from octadecyl group) 
1.3 ppm (30H: derived from octadecyl group) 

1.2 ppm (3H: derived from octadecyl group) 

From the above results, it was confirmed that the above 
20 compound is the title compound. 

Example 16-9: Synthesis of organic silane compound represented 
by the following structural formula (i) 
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The above compound was synthesized by the following procedure. 
First, a cai^bon tetrachloi^ide solution of Q-bx-omobenzofiuoranthene 
which is an intermediate of Example 16-8 was added to a 100 ml egg 
5 plant flask containing a metal magnesium, this was refluxed for 2 hours 
to form a Grignard reagent, this was introduced into a 100 ml egg plant 
flask equipped with a stirrer, a refluxing condenser, a thermometer, and 
an addition funnel, a carbon tetrachloride solution of 
3-bromo-6-dodecylfluoranthene which is an intermediate of Example 

10 16-7 was further added, and this was i^efluxed for 5 hours under the 
nitrogen atmosphere to synthesize a dimer. Subsequently, the dimer 
was added to a 100 ml egg plant flask equipped with a stirrer, a refluxing 
condenser, a thermometer, and an addition funnel, NBS was charged 
therein, AIBN was added, this was r-efluxed for 2.5 hours Lo brominate, 

15 0.01 M triethoxychlorosilane was added, and this was refluxed for 4 
hours to synthesize the title compound. 

From infrared absorption measurement of the title compound, 
absorption of Si-O-C was seen at a wavelength of 1045 cm-^. 

In addition, regarding NMR, die following results were obtained. 

20 8.1 ppm (IH: derived from benzofluoranthene group) 
8.0 ppm (IH: derived from benzofluoranthene group) 
7.9 ppm (IH: derived from benzofluoranthene group) 



7.8 ppm (4H: derived from benzofluoranthene group and fluoranthene 
group) 

7.7 ppm (51-1: derived from benzofluoranthene group) 

7.5 ppm (3H: dei^ived from benzofluoranthene group and fluoranthene 
group) 

7.3 ppm (4H: derived from benzofluoranthene group and fiuoi^anthene 
group) 

3.6 ppm {6H: derived from methylene group of silyl group) 
2.5 ppm (2H: derived from dodecyl group) 

1.5 ppm (2H: derived from dodecyl group) 
1.3 ppm (24H: derived from dodecyl group) 

1.2 ppm (12H: derived from dodecyl group and inethyl group of silyl 
group) 

From the above results, it w^as confirmed that the above 

compound is the tide compound. 

Example 16-10: Formation of thin film and TFf device 
According to the same manner as that of Example 3, organic TFT 

devices using materials synthesized in Examples 7 to 15 as a 

semiconductor layer vv^ei^e formed. Properties of formed organic TFT 

devices are shown in Table 1 . 
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Table 1 



Material 


Main skeleton 


Mobility 


ON/ OFF ratio 


Compound of Example 16-1 


Carbazole 


2.2x10 '-2 


5 


Compound of Example 16-2 


Dibenzofuran 


3.2x10*^ 


5 


Compound of Example 16-3 


Fluorene 


1.2x10-2 


4 


Compound of Example 16-4 


Dibenzo th iophene 


7.5x10-2 


5 


Compo^md of Example 16-5 


Pentaphene 


0.15 


6 


Compound of Example 16-6 


Phenanthrene-pentaphen 
e 


0.17 


6 


Compound of Example 16-7 


Fluoranthene 


3,0x10-2 


4 


Compound ofExamj^le 16-8 


Benzofluoranthene 


4.0x10-2 


5 


Compound of Example 16-9 


Fluoranthene-benzofluor 
anthene 


5.5x10-2 


5 



From the results of Table 1, it was confirmed that organic TFT 



devices using any material have TFT pr-operty. 
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